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with 4-SIDED welded enclosure 


HARBISON-WALKER 


steel-encased, chemically-bonded basic refractory 


Since the time of the Maccallum invention, more than 
forty years ago, the original metal-encased basic 
brick introduced by Harbison-Walker has been man- 
ufactured with many noteworthy improvements. 

METALKASE, tried “a proved in its newest 
form, is completely enclosed in 22 gauge steel on 
ill four contact sides. The magnesite-chrome re- 
fractory rigidly controiled for highest quality is fully 
formed under great pressure before it is encased. 
Firm adherence of the welded steel casing to the 
refractory is assured by the tight grip of the 


indentation 


HARBISON-WALKER 
REFRACTORIES COMPANY 


AND SUBSIDIARIES 


Wortd's Largest Producer of Refractories 


General Offices: Pittsburgh 22, Pa 
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Typical section of open-heerth furnace front wall 

built of METALKASE. For maximum stability steel! . 
plotes ore used of intervals of twe to four courses 
vertically. These ore teck-welded te stee! bors 
which in turn extend behind the buckstey and ore 
free to move vertically. 
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COVER 


Taking off on a general theme, Horry Brocke uses the essential tools of the metallurgical 
researcher for his cover design. 
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TECHNICAL FEATURES 


Ore Fines Utilized in Low Shaft Furnace to Produce Thoma 
Pig Iron P. Cohe 


Slag Fuming Furnaces Recover Zinc and Lead from Copper Slag 


Quality Metal and Cost Reduction Mark History of Aluminum 
Production EC F 


Recent Developments in Specialized Smelting Furnaces 
Underline Expanded Uses 


TRANSACTIONS 
Some Studies of Al-Cu and Al-Zr Solid State Bonding 


Relation of Fiake Formation in Steel to Hydrogen, 
Microstructure, and Stress 
Activity of Sulphur in Liquid Fe-Ni Alloys 


Production of Zirconium Diboride from Zirconia and Boron 


Carbide 
Continuous lon Exchange 


TECHNICAL NOTES 
On the Loss of Texture in Tapes of a 50 Pct Ni-50 Pct Fe Alloy 


nstitute of Mining and Metollurg 


3 per yeor for non-AIME member 


mbination with o subscription to “Minir 


cial issues, $1.50 he AIME is not respor 
r te 


ste of Mining and Metallurg Eng 
Arts index ond Chemica! Abst Kee 
March 3, 1879. Additional entry established at Manchester, N. H 
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oerator at Thompson Products } J 0 pyrometer to make a supplementary check on meit temperature in Stokes high-vacuum furnace 


THE COMPLETE LINE OF STOKES 


Stokes manufactures a complete line 


STOKES MECHANICAL 
VACUUM PUMPS 


vo pumping equ pment Th 
Jes mechanical vacuum pumps 
ind booster pumps, vacuum For vacuum processing systems and 

«gages, and complete for maintaining low forepressures 
engi 


neered vacuum equipment, 


nstrumentation. In in high-vacuum systems, the Stokes 
Microvoc pump provides efficient, 
Stokes builds vocuum metoallizers, economical operation. Designed 
vocuum furnaces and other vocuum automatic lubrication 
processing equipment and a long-lasting exhaust valve 
assembly, every Microvoc pump is 
Stokes hos for many years been ‘ Ls assured of smooth, trouble-free 
active im vacuum research. Vocuu operation. Six sizes give copaci- 
experience among our engineers ; - : ties from 15 to 500 cfm. Send for 
covers the range from laboratory , oe catalog listed at right. 
equipment to some of the largest ; 
vacuum equipment in service. This 
experience is available to help solve 


your vacuum problems. 
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Thompson Products Uses 
STOKES Vacuum Furnace in Metals Research 


Thompson Products, Inc., of Cleveland, Ohio, one of the country’s largest 
suppliers to the automotive and aircraft industries, carries on an extensive 
research and development program. To aid in the investigation of high- 
purity metals, Thompson has installed a Stokes high-vacuum furnace. 


Thompson’s vacuum furnace is currently rated at 200 pounds melt 
capacity: however, the unit is capable of 1000-pound production 
with only minor modifications, an important advantage should 
full-scale vacuum metal production be initiated. 


SEND FOR 

Stokes is the leading supplier of production vacuum furnaces TECHNICAL \ 
for industry. Outstanding features are a vacuum lock, which LITERATURE: 
permits multiple melts and melt manipulation without f Microvac Pumps— Catalog 750 
breaking vacuum; high-capacity vacuum pumping ond Coaster Pump 

systems, utilizing the new, high-speed Stokes Ring-Jet \. ond performance curves 
Booster pumps and the dependable Microvac forepump; The Story of the Ring-Jet Pump 

and grouped controls for convenient operation. Stokes has 
many basic furnace designs — any of which can be aw to Cole Ger Sen 
modified to meet your particular needs. Vocuum Pump—Booklet 755 
Vecuum impregnation — 

If you are interested in high-purity metals, you'll want Catolog 760 
to know more about Stokes high-vacuum furnaces for Vacuum Drying—Catalog 720 


Vacuum Furnaces — 
Catalog 790 
Vacuum Metollizing — 


both laboratory and full scale production. Write 
for your free copy of Stokes Catalog No. 790, 


“High-Vacuum Furnaces.” Cetolog 780 
Vv Calcul 
F. J. Srokes Macuine CoMPANY 
5502 Tasor Roap 
PHILADELPHIA 20, Pa. 


VACUUM EQUIPMENT 


ra 
STOKES VACUUM VALVES 


RING-JET DIFFUSION To control vacuum safely and surely, Stokes 


AND BOOSTER PUMPS vocuum volves ore ovoilable in 4, 6, 10 and 


16-inch standard flange sizes 


The new Stokes Ring-Jet Pumps em- 


| 
body a new concept of the diffu- STOKES-McLEOD VACUUM GAGES 
sion principle. Size for size, they "ay For measuring vocuums from froctions of a 
have pumping speeds of 10% to micron up to 50 mm, Stokes-Mcleod goges ore 
| vor 
more thon 100% above any other | the stondord of reference. Four sizes available 


diffusion pump for a given heat 


input. Ring-Jet Diffusion Pumps ore 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 
Send for information listed. 


OFFICES IN PRINCIPAL CITIES, REPRESENTATIVES THROUGHOUT THE WORLD 
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METALLURGICAL SALES ENGI- wanted: 
MEER, | trict Soles Offices of 


lending fone YOUNG 
METALLURGISTS 


ext the sctior 

and their ation with two or more years in- 
ndustry ond exper dustrial experience, prefer- 
aneed ts es work. Correspond ably ferrous metallurgy 
once w be treated contidentio Work consists of fundamen- 


tal metallurgical research 
and development as applied 


29 Weet 30th St. = New York 18 to diesel engines and trac- 
tors 
Send letter listing qualifico- 
GOODYEAR ATOMIC tions to R. R. Haarlow, Em- 
CORPORATION ployment Office 
OFFERS CATERPILLAR TRACTOR CO. 
PERMANENT POSITIONS Peoria, Illinois 


Physical Metallurgist. Pref 
erably with advanced degree 


for research and development PROCESS DEVELOPMENT 
in the field of nonferrous al ENGINEER 

loys and powder metallurgy Challenging new staff posi- 
e Metallurgical or Chemical tion in expanding Research 
Engineer. B.S. degree, recent and Development Depart- 


graduate or graduate with | 
to 3 yeors of experience for 
laboratory work on chemicol 
plant problems involving cor 
rosion, heat treating and fab 
ricating processes for metals 
No traveling required for 
either of the above and per 


ment of major fully-inte- 
jrated steel company. Tech- 
nical investigation and 
evaluation of new or im- 
proved process for smelting, 
refining and processing 
Metallurgica! or Chemica! 
Engineering background 


sonal interviews will be ar with advanced scientific 
ranged training in process metal- 
Send resumé to DONALD uray Attractive salary 
G. BARKETT, GOODYEAR Address replies to Director 
ATOMIC CORPORATION, * Technical Services, Jones 
BOX 628, PORTSMOUTH, yughlin Steel Corpora- 


OHIO tion, Pittsburgh 30, Pa 


NOW ....A Challenging Position in the 


DU PONT ENGINEERING DEPARTMENT 
for one experienced NON-FERROUS METALLURGIST 


The Engineering Service Division of du Pont's Engineering 
Deportment hes on unusual position available for a graducte 
metallurgist or metallurgical engineer whose experience with 
non-ferrous metols ond alloys qualifies him for challenging 
and responsible consulting service in connection with the con- 
struction of chemical processing equipment and facilities 
The successful applicont will imitiote ond direct studies to 
msure maximum use of non-terrous metals ond alloys, recom- 
mending their selection ond use in terms of cost, ovoilability, 
ond lite expectancy. Duties will include 
consulting ond specification in welding, 
ond fabricating 

Please send complete resume, including 

detar/s of education ond experience, to 

Mr. J. C. Costello, Jr. 

Personnel Section, Engineering Dept 


Better Things for Better Living E. |. du Pont de Nemours & Co. Inc. 
... through Chemistry Wilmington 98, Deleweore 


854—JOURNAL OF METALS, AUGUST 1955 


Personnel Santos — 


= following employment items ore mode 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service inc, operating in cooperation 
with the Four Founder Societies. Locol offices 
of the Personnel Service ore at 8 W. 40th Sr, 
New York 18; |00 Farnsworth Ave, Detroit; 
7 Post St., Sem Francisco; 84 E. Randolph St, 
Chicege 1. Applicants should oddress al! mo 

the proper key numbers in core of the New 
fork office and include 6c in stamps for for- 
warding and returning application. The ap- 
plicont agrees, if ploced in a position by 
means of the Service, to pay the plocement 
sted by the Service. AIME members moy 
ecure a weekly bulletin of positions available 
r $3.50 o quorter, $12 a year 


POSITIONS OPEN 


Metallurgist, who specialized in 
thermic treatments and processing 
of metals for the manufacture of 
armaments and ammunition. Salary 
open. Location, South. W1810(b) 


Engineers. (a) Smelter superin- 
tendent, under 45, metallurgical 
graduate, with at least 10 years 
supervisory experience in lead-zinc 
plant. (b) Mill superintendent, un- 
der 45, mining or metallurgical grad- 
uate, with at least 10 years super- 
visory experience in lead-zinc flota- 
tion plant. Salary open. Location, 
South America. F1745 


Research Engineer, for detailed 
specialization in X-ray work and 
spectrography as well as in petrog- 
raphy. Salary open. Location, South 
W1732 


WANTED: Metollurgist for Korea for one 
to two yeors. Selery efter taxes approxi 
mately $8000 pius mointenance Brood non 
ferrous extractive metallurgical experience 
for minimum of five yeors required 


Box H-24M AIME 
29 West 39th St New York 18 


FOUNDRY FOREMAN to supervise iron 
stee! ond bross foundries. Lerge Copper 
Compeny, Chile, Sowth Americe. }-yeor 
contrect. Tronsportetion beth woys ond 
salory while traveling paid by Company 
Good opportunities. in reply give com- 
plete detaris 
Box H.21M AIME 

29 West 39th St New York, N.Y 


GALVANIZING METALLURGIST 


Immediate opening with oa fully 
integrated steel mill in the Pitts- 
burgh district for a technical grod 
ucte with experience in continu 
ous galvanizing Will supervise 
metallurgical function of the line 
including oll phases of process ond 
quality control and customer tech- 
nicol service. Please reply with 
complete resume of bockground 
and solory requirements to 
Box H-22M AIME 
29 West 39th St.. New York, N. Y 


inte tiny 1 Ib, capacity band-and- 

BRASS MELTING THROUGH 150 YEARS jeje : 
According to tradition and available 1920's when AJAX INDUCTION ae 
records, founders of the Scovill Mfg. FURNACES were installed, the man- - 
Co. of Waterbury, Conn. were first in hour rate was 800 Ibs. Since 1949 when : 
the New World to cast brass bars com- the latest type AJAX furnaces were e 
mercially for subsequent cold rolling, installed man-hour production has in- ay 


at the old Abel Porter casting shop in 
Waterbury, Conn. 


From this modest beginning has 
grown the huge Scovill Works employ- 
ing thousands of employees and pro- 
ducing enormous quantities of cold- 
rolled brass. One of the initial steps 
in the process is the melting of brass 
in three of the largest and most power- 
ful electric melting furnaces ever made, 
one of which is shown in the picture 


Skimming the pet prior to pouring 


creased five feld, and is now 4,000 Ibs. 

These modern 1000 KW AJAX Fur- 
naces have a holding capacity of 20,000 
Ibs. with an hourly melting rate of 5 to 
5% tons. 

Photos at right show a unique 
demonstration staged by Scovill at the 
Hotel Statler in Hartford of America’s 
first practical brass casting method. 
Here an operator in authentic brass 
casters clothes of the period  illus- 
trated the casting of metal melted by 


above. the old bellows-blown pit fire used in i 
In the early 1800's the man-hour the early 1800's. The tools were loaned 7 


rate of production with charcoal pit 
fires was from 5 to 10 Ibs. In the early 


by the Mattatuck Historical Society of 


Opening molds after pouring metal 
Waterbury. inte them. 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


AJAX ELECTRO METALLURGICAL CORP. ond ( om penee 
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ORDER YOUR BOOKS THROUGH 
AIME—Address irene K. Shorp, Book 
Depertment. Ten per cent discount 
given whenever possible. Order Gov 
ernment publications direct from the 
agency concerned 


A Glossary of Terms in Nuclear Sci- 


ence and Technology. American So- 


ciety of Mechanical Engineers, $5.00 

pp 155—T? 00k the re« 
gnitior 47 evera rganiza 
tions that the was a nee for a co 
rdinated glossary of terms in the 
field of j ir energ A plan wa 
lrafte tre National Researc! 
Cour f ordination of effort 


tr tior 


Materials for Nuclear Power Reac- 


tors, | Henry H. Hausner and Star 
ley B. Roboff, with a foreword by; 
r. G in. Rein? 
g ) 24 5 The 
stief 
wsure nes stion or 
are ‘ ‘ r 
t The 
‘ t} 
lera 
por 
Metal Statistics, 1955, 48th annua 
55 I K 


PROFESSIONAL SERVICES 


Limited to AIME members, or to com 

ponies thet hove at least one AIME 

member on their stoffs. Rotes $40 per 
yeor per inch 


OR. B. EGEBERG 


Metallurgical Consu/tont 


Dperot Reseorct 


Meriden, Conn. 


LEDOUX & COMPANY 
’ Ass ers ectroscopists 
SHIPPERS REPRESENTATIVES 


35°? Altved Ave New Jersey 


MAX STERN 
Consulting Engineer 
Expert for Scrap Recovery ond Ship- 
wrecking — Modernizotion of Plants 
ond Yords for Ferra ond Nonferras 
Meto! Scrap 
149 Broedwey New York 6, N.Y 


H. L. TALBOT 
Consulting Metollurgice! Engineer 


Extraction and Refining of Base Metois 
Specializing in Cobelt ond Copper 


Reem 331, 84 Stete Boston 9. Mans. 
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Books for Engineers 


record f production, consumption, 
tock mports and exports, monthly 
and annual market prices, and a 
great deal of information on allied 
economic ibject The volume has 
been published since 1907 
Tool Design, by William R. Jeffries 
Prentice-Ha Ine $6.35, 215 pp. 
1955—T?t is an easy to understand 
introduction to the principles and 
practices of tool design. Includes 
verage of machine tool jigs and 
fixture punch pre and hydraulic 
pre tooling. The book is compre- 
he e, easily followed, and written 
authoritatively Actual instructions 
f w to design machine tool jigs 


und fixtures, weld and assembly fix- 
tooling are given 
Powell, E 
Gonser. John 


tur yunch pre 


‘ if 
Vapor-Plating, by C. F 
Campbell, and B. W 


Wiley & Son Inc $5 50 158 pp 
19 Tr the first single source 
f reference data on the applications 
and techniques of vapor disposition 


f meta and nonmetal It is the 


work available upon publica- 
tt ats the as a major sub- 
ect. The work presents a complete 
lescription of present and past ap- 
atior these techniques, many 
f which are not widely known, ai- 
gh they have been en ployed in 

is ways for many years 
Theoretical Structural Metallurgy, 
econd editior 4 H. Cottrell 


Mar Pre I $4.50, 251 pp 


) W e organization of this edi- 
the ame as the first 
fa new chapter, 
ok t ts a nplete re- 
n keeping with the many 
ne metaliu cal indus- 
4 the topics are 
t f cat irface ten- 
t f grain boundaries; and the 
eta f carbon and 


Yearbook of the American Bureau 
of Metal Statistics, 34th annual edi 
tior imer Bureau of Metal Sta- 

$3.0 123 pr 1955—This is 
mpiled 


au wt sponsore d 


th t producers of 
Mex hile, and Peru 

for i 154 and re- 

auctior and other 

aluminum, gold, 

ntimor bauxite, cad- 

t agnesium, molybde- 

- und platinun It also 

f metal prices and 

t rgical plants and 


A Study of the Lron and Steel Indus- 


try in Latin America, two volumes 
United Nat $4.50 and $1.25, 449 
55—This is the pro- 

i report of the Expert 
W ; pt Bogota and 
‘ “Se eta af of the 

E sior for Latin 


America and the Technical Assist- 
ance Administration. The analysis 
has been restricted to seven coun- 
tries where either a steel industry 
already existed or where prospects 
for establishing one were good. The 
countries are Argentina, Brazil 
Chile, Colombia, Mexico, Peru, and 
Venezuela 

Grinding of Steel, by E. N. Simons 
Odhams Press Ltd., 224 pp., 1954 
This is an introduction to industrial 
grinding practices covering basic 
factors, practical techniques, finish- 
ing processes, and grinding ma- 
chines. Specific topics dealt with in- 
clude abrasives; cylindrical, internal, 
planetary, and other type of grind- 
ing; and the grinding of tools and 
machine parts 

Thermodynamics and Physics of 
Matter, edited by Frederick D 
Rossini. Princeton University Press 
$15.00, 812 pp., 1955—-Sub-title of this 
book is High Speed Aerodynamics 
and Jet Propulsion, Vol. I. It is a 
thorough treatment of basic princi- 
ples presented in ten sections cover- 
ing fundamentals of thermody- 
namics; physics of gases; thermody- 
namic properties of real gases and 
mixtures of real transport 
properties of gases and gaseous mix- 
tures; critical phenomena; liquids 
and liquid solutions; solids and solid 
relaxation phenomena in 


gases, 


solutions; 
gases; and the thermodynamics of 
irreversible processes. Selected bib- 
liographies accompany each section 
Review of Metal Literature, edited 
by Marjorie R. Hyslop. American 
Society for Metal $15.00, 831 pp., 
1955—This annual guide to metal- 
lurgical literature includes brief in- 
dicative abstracts drawn from a 
wide range of English and foreign 
language books and periodicals. Ab- 
stracts are listed under headings re- 
lating to processes and properties 
and are fully indexed by subject 
The volume also has an author index 
and a list of the periodicals ab- 
stracted 
Engineering Metallurgy, by L. F 
Mondolfo and Otto Zmeskal. Mc- 
Graw-Hill Book Co., $7.50, 307 pp., 
955—This is a modern college text 
those 
joes not lie in the 
metallurgical field. Emphasis is on 
the theoretical reasons behind the 
operations, but detailed descriptions 
of methods and operations are g) 
All the unique qualities of 
metal are discussed in the last two 
chapters. The origin and extraction 
i Princi- 
ples of casting, the physics of metals 
and plastic working practice are 
subiects which have not been dealt 
with in books of this type. There is 
also a collection of stimulating prob- 
lems, many are original, drawn fron 


the authors’ experiences in engu 


metallurgy to 


whose interes 


each 


of metals is also discussed 


ing metallurgy 


infotmation 


memo 


from the engineering laboratories of CONSOLIDATED VACUUM CORPORATION 


LT HIGH-VACUUM FURNACE DESIGN > 
Volume! Number 2 


The module 


concept 
“Building blocks” give high 
a nstallati imple 
vacuum furnaces flexvoutly. ill the basic modules 
a lin the text It is a 
CVC engineers are module g and castin 4 
concept in the lesign of high r t ‘ 
- - 7 
m hamber sex ad 
tiair r ts 
exp 
The the 
most p 
users of |} \ the 
lema 
Pre 
wt ging <k w 
hill ne 
tu 
The basic 
iA 
design block 
he center imber All a the 
eastiy convert batch operation 
t 
| losem ’ produc Lon 
1} ~ t pr ed 
“ 
ser Cau a Different 
bl as the ugh ports the permit variation of castin Tremendous leeway in planning |: i 
thre hy ‘ is present nee 
pur If 4 
on ting ' 
I 
The cha mber Consolidated Vacuum Corporation, Roches- a 
=—cover ter 3, N.Y. (a 
contains the devt used in the 
furnace content av . 
Consolidated Vacuum Corporation, ROCHESTER 3, N. Y- Sg 
The wt CVC seles now hondied throwgh Consolidated Engineering Corporetion with 
gt ige-break ottices locoted im: Ait Atlanta Boston Buffalo Ct po Do 


a 
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WE WELCOME YOU 


to a New Era of 
Electrode Performance 


AN EXCLUSIVE STEP FORWARD 


in the techniques of electrode manufacture now gives GLC graphite elec- 


a coefficient of expansion lower than any other electrode on the 


marke oday 


iitant rugged resistance of GLC graphite electrodes to thermal 


hock substantially reduces breakage and spalling, and affords worthwhile 

economies in electric steel production. 

This achievement is a result of a high degree of integration between dis- 
verles mur 


research laboratories, refinements in processing raw 
aterials, and impro\ 


ed techniques in electrode manufacture. 


Lower operating costs experienced by our customers are a reflection of our 
partners! their progress, and point the way to a new era of electrode 


ance for the electric furnace steel industry as a whole. 


ELECTRODE DIVISION 


> 


Great Lakes Carbon Corporation 


GRAPHITE ELECTRODES, ANODES, MOLDS and SPECIALTIES 


h 


ADMIN IS East street, New York 17, N 
PLAN Nias Falls, N. Y.. Morganton, N. C 
OTHER OFFICES: N I N. Y., Oak Park, IIL, Pittsburgh, Pa. 


er ntries: Great Northern Carbon & Chemical Co., Ltd., Montreal; 
Overseas Cart ne ¢ pany, rene | 


t Eastern Carbon & Chemical Co., Inc., Chiyoda-Ku, Tokyo. 


+» « 
The res 
performance 
» 


3 
i 


Industrial Notes 


ne st t ised re thar 
00 aluminum during 1954 
ra tre 4 ar I | & 
Inst ts Nea 80 pet of the 
1a ur g agent 
t xygen f tee] 
ill a se for clad- 
t nsumption by the 
t iring 1954 reached 
with nost of it going 

ting 
fur ‘ the world's 
G eel Corp.. Detroit 
‘ tne frst to 


reach and exceed a hearth size of 30 
ft. In the past decade several 28-ft 
furnaces have been built along with a 
few 29-ft units. Engineers predict that 
the new furnace may average more 
than 60,000 net tons per month 
Mallory-Sharon Titanium Corp., 
Nile Ohio, guarantees that its tita- 
il na tanium alloy mill prod- 
icts wv meet a new 0.1 pct maxi- 
i arbor ntent requirement 
olubilit n titanium is 
about pet, and larger percentages 
result formation of hard carbides 
which reduce achineability to a 


are you producing 


321 STAINLESS STEEL 


Titanium Stabilized 


Why nor write our 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 


TAM 
PRODUCTS 


cel te lessen the 
is¢ 

of 
Alu 
r of Ferro 
Our 
t LOFT iy also 
the latest tech 

es a eliveries. 


860 


JOURNAL OF METALS. AUGUST 


1955 


* McLouth Steel Corp. expects an 
annual saving of $60,000 in iubrica- 
tion costs alone at its hot strip mill 
in Trenton, Mich., as the result of 
application of individual motors to 
each roll of front and rear mill 
tables, and the roughing mill and 
finishing mill approach tables. Spe- 
cially modified for this application 
by the General Electric Co.'s direct 
current and generator dept. are 146 
de adjustable voltage armored mill 
motors, which eliminate the need for 
main reduction and bevel gears on 
the tables and attendant lubrication 
and maintenance costs. 


© A new automatic controlling, re- 
cording, and proportioning instru- 
ment which enables the heat treater 
to set his atmosphere generator or 
furnace in equilibrium with any 
steel to be heat treated is offered by 
Lindberg Engineering Co. Named 
the Carbotrol, the instrument makes 
automatic control of the furnace at- 
mosphere for any type of steel as 
temperature 


simple as automatic 


control of the furnace. The heat 
treater merely sets the pointer on 
the control instrument for the car- 


steel he wishes to 
Carbotrol will auto- 
matically the atmosphere 
generator to produce a protective 
atmosphere in equilibrium with the 
steel 


bon content of the 


and the 


treat 


control 


© Formation of a nuclear 
dept. was announced by 

Research Corp., Cambridge, 
The section will participate in the 
First International Exhibition for 
Peacetime Uses of Atomic Power at 
Geneva, Switzerland, August 8 to 20 


energy 
National 
Mass 


The National Research exhibit will 
lepict the importance of the role 
assumed by the company since 1941 
© A tiny new device, the silicon 


power rectifier, shows signs of being 


able to reduce the cost on a large 
e for many industries using elec- 
tric power, according to Bell Tele- 


phone Laboratories. The device con- 
verts alternating current into direct 
urrent, an essential step in tele- 
phone system operation. Despite the 
trend toward smaller and more effi- 
crent components power rectifiers 


have remained large, limited in effi- 


crency and im need of Ouliky cooing 
equipment. Bell believes the new 
power rectifier will far surpass eny 


yet made of silicon or other material. 


having an unlimited | and 


pable of operating at temperatures 


ye span 
capa 
up to 400° F 
© Babcock & Wilcox Co 
and build the world’s 


will design 
er 

for steam. The unit will be installed 


largest boil 


at the Astoria, Queens, New Yor) 
City, utility station. It will have a 


capacity of 2.4 million Ib of steam 
per hr and will use than 50 
carloads of coal per day. Erection of 
the boiler will start in 1957 with op- 


more 


eration expected in the fall of 1958 
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Shown above is a 20’ diameter shell 
Top-Charge Heroult Furnace. At 
right, the same furnace is shown 
with swing-type roof removed for 
charging. Smaller picture at lower 
right, shows tilting mechanism for 
20° diameter Heroult 


Electric Furnaces 


for faster, high quality 
steel making - - 


To keep pace with modern steel making 
methods . to produce better quality 
steel faster, and more economically, it 
will pay you to consider the addition of 
electric furnaces to your existing facil- 
ities. 

In the light of the experience of some 
of the nation’s most successful mills, 
Heroult Electric Furnaces should easily 
prove a big time and labor saver, and 
quality up-grader for you 

Embodying the latest in mechanical 
and electrical equipment, these widely 
used furnaces are noted for their efficient 
performance, and low operating and 
maintenance costs. 


Available in sizes of shell diameter 
ranging from 70” up to 24'6", and with 
rated charge capacity of from 8000 lbs 
up to 400,000 Ibs. They are usually 
equipped with roof-moving mechanism 
to permit top charging. Both gantry and 
swing-type roof-moving mechanisms are 
available. Door-charging furnaces and 
furnaces of special design, including 
units equipped with austenitic steel bot 
toms to permit inductor stirring, can 
also be supplied 

We welcome an opportunity to help 
you select and install the Heroult Ele« 
tric Furnace best suited to your partic 
ular requirements. 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL CORPORATION, GENERAL OFFICES: 525 WILLIAM PENN PLACE. PITTSBURGH, PA. 
Contracting Offices in New York, Philadelphia, Chicago, Son Francisco ond other principal cities. 


United Stotes Steel Export Company, New York 


THIS CATALOG 


contains up-to-date information 
on Heroult Electric Furnaces 
types, sizes, capacities, rating 
etc. For free copy, write to our 
Pittsburgh office 
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EVELOPMENT of ocket motor! jet propul- 
! ind turbine engines has come to a kind 
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Nerton ROKIDE A pure oxide coating is applied with 
metolizing type spray gun 
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One of the more spectacular experiments used to 
t the coating was a piece of metal with a 0.0001 
in. coating placed on a railroad track and run over 
The coating remained uncracked. 
angles without 


Dy a locomotive 
Metal samples have been bent to 90 
chipping coatings 

Silicon carbide coatings have been applied suc- 
cessfully only on graphite shapes at present. While 
graphite has many desirable properties for rocket 
use, it will not withstand high temperatures or ero- 
However, a thin coat of silicon carbide 
provides the needed protection with only a minor 
increase in weight 

Norton products for reaction motors are reported 
following general characteristics: high 
extreme hardness, relative chemical 
large ranges 
resistance, di- 
maintenance, 
to mild 


sion well 


to have the 
point 
good 


melting 
mechanical strength, 
of shapes and sizes, high 
stability, 


coefficient, 


inertness, 

corrosion 
tolerance 

resistance 


mensional close 


and 


yw expansion 
impact 
The following have shown exceptional promise 


for application: In rockets; nozzles, motor tube lin- 
ings, and thermal barriers; in guided missiles; vanes, 
skin protection, and motor components; ram jets; 


linings; gas turbines; inner combustion 
chamber lining, cross fire tube lining, flap nozzle 
and housing and shroud ring insulation 
scellaneous applications are burner parts 
electrical insulation, and thermocouple 


tail pipe 


coating, 
Other mi 


protection, 
tube protection 

Right now tests are being made on many applica- 
tior inder a variety of conditions. An indication 
of performance results are indicated in this report 


A maximum temperature drop of 1500°F has been 
reported through 0.010 thickness of aluminum oxide 
ain conditions by a manufacturer 


ating under cert 
if power plants for guided missiles. This product 
has also been reported as useful with both solid and 


and capable of withstanding ero- 


liquid propellants 
sive and corrosive conditions in nozzles for high 


velocity reaction motors.” 


Thermocouple tube cooted with ROKIDE A wos used suc- 
cessfully in zinc alloy melts. 


na 
ne 
4 
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HEN a company publishes a book it usually 

sees to it that most, if not all, of the book is a 
paean to the firm. Not so a recent publication called 
Fifty Years of Engineering by Charles E. Mills, 
commemorating the 50th aniversary of Arthur G 
McKee & Co. The McKee organization is assigned 
is proper place in the overall development of the 
steel and petroleum industries of the past 50 years 
without intruding on the good graces of the reader 

Fifty years ago the steel industry was a “husky 
young giant” lending its muscles to the forging of the 
world’s greatest industrial nation. Steel was small 
by today’s standards, with an annual production of 
25 million tons of ingots. Good daily blast furnace 
capacity was 300 to 400 tons, with some furnaces 
producing more and others less. Crews of 50 men 
were needed to work the furnaces on 12 hr shifts 
Blast furnaces literally operated on the strong 
backs of manual laborers. The use of mechanical 
filling with skip bridges, scale cars, and revolving 
distributors invented by Arthur G. McKee were not 
far away. 

Iron ore and pig iron production climbed steadily 
until 1907, when the U. S. was hit by financial 
panic. It took two years for tonnages to make the 
climb back to pre-depression days. But during the 
time that the industry suffered, it did not remain 
idle. New plants were built with money earned 
during better times, mergers were consummated, 
and improvements in technique developed. By 1911 
open hearths were producing two thirds of the steel 
made in the U. S., the Mesabi range was in produc- 
tion and East Texas ore deposits were opened 

But 1914 was a tough year. World War I was still 
to break out. No new blast furnaces were built that 
year and by December 31, 287 of the 451 furnaces 


STEEL PRODUCTION 
Annual Average by Decades 


(en of set tons of 


— 


as nes 12 


Steel production in 1954 totaled 88.3 million tons, 9 pct 
over the annual overage for 1940 to 1949 


- Trends 


were down. Adversity brought progress. Faced 
with the necessity for more economic operation the 
industry developed technical advances in by-prod- 
uct recovery and greater efficiency in iron and 
steelmaking practices. Early in 1915 the war in 
Europe caused a shift from depression to forced 
operation. Prices skyrocketed and 29 new open 
hearths were built, with 91 more under construc- 
tion 

A year after the war the silk shirt era was over! 
The year 1920 was an in and out one, with long 
withheld projects maturing on one hand, and then 
a deteriorated market on the other end bringing 
unemployment by the year’s end. Until 1923 the 
steel industry weathered fluctuating demand, trans- 
portation shortages, increased freight rates, strikes 
priorities and government regulation Business re- 
turned to normal in 1923 and steel ingot production 
rose to 43.5 million gross tons. The industry pros- 
pered for seven years. In fact, 1929, the year of the 
crash, was a record year 

Today, the steel industry is composed of 255 
companies engaged in the production and finishing 
of steel. The companies own some 430 plants at the 
last count located in 31 states and employing more 
than 600,000 people. Capacity is 80 million tons of 
pig iron and 124 million tons of steel annually The 
industry, valued at $9 billion, is owned by almost 
800,000 stockholders 


TOTAL PAYROLL 


Next to purchase of Wages and salaries. 
moterials and serv- $2.8 
ices, the steel indus- social security 


try's biggest cost is 
99 (om of 


its payroll 


NUMBER OF EMPLOYEES 
(om thousands) 


51) 574 


RISE NUMBER OF EMPLOYEES INCREASE 1900-56 


4% 


RISE WAGES AND SALARIES 
211% 
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airborne hangar for the Marine Corps 
... made of Magnesium 


The U.S. Marine Corps called for a very particular metal for the 
ework of a very unasual “fying hangar.’ This metal had to be: 
e Light enough to be carried, completely assembled, by a helicopter 
e Strong enough to withstand the repeated takeoffs and landings. 
Magnesium, with its high strength weight ratio, was the answer. 
Matter of fact, magnesium is appearing in more applications every 
day where light weight and simplified design are important 
Follow the Marine Corps—take a new look at magnesium! Call your 
nearest Dow sales office for more information or write to THE DOW 
CHEMICAL COMPANY, Midland, Michigan, Dept. MA 313H 


you can depend on DOW MAGNESIUM <> 
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HE Joint Metallurgical Societies Meeting in Eu- 
rope, 1955 is now history. It would be hard to 
imagine any other three-week period so filled with 
such a variety of valuable experiences. Perhaps no 
one will again undertake to organize a program in- 
volving as complex a combination of simultaneous 
and consecutive activities. Our hats are off to the 
European Committee under the able general secre- 
taryship of Kenneth Headlam-Morley, Secretary of 
the Iron & Steel Institute in London, both for the 
courage to undertake such a meeting and for the 
energy and ability to carry it through so successfully 
Some 200 Americans participated, the majority of 
whom attended the entire program in four countries 
Three hundred or more Europeans participated in 
the activities in each country. Some made the com- 
plete tour, others limited their activities to their own 
country. While the number of individuals involved 
in any one function probably did not exceed about 
500, thousands participated in the total undertaking 
It should be noted that most of the plant tours and 
many of the discussion groups varied in size from 10 
to 50. Those with specialized interests were individ- 
ually shown the things they wanted to see or intro- 
duced to the men with whom they wished to ex- 
change information 
Activities were divided into plant trips, technical 
discussions, plenary sessions, banquets, luncheons 
and receptions, sightseeing for the ladies, and con- 
tinuous opportunities to get well acquainted with 
the metallurgical leaders of Western Europe. Liter- 
ally scores of plants were available for group or 
individual visits. Many of the trips were simultane- 
ous and one had a choice of ferrous or nonferrous 


metal producing plants; tonnage production of ordi- 


Drift of 
nary metals or plants for high alloy or special steels; 
brand new plants, rebuilt plants, or famous, well 
established firms; metal fabricating plants; labora- 
tories of all kinds from control to fundamental re- 
search; company, government, and institutional lab- 
oratories. The railroad strike in Great Britain 
interfered only slightly with some plans since alter- 
nate transportation had already been arranged. We 
were surprised to learn that many steel plants had 
facilities for only ten day stockpiles and these plants 
drastically curtailed operations and could not be 
visited. There were ample alternatives however, 
and frequently arrangements were made to see 
plants not scheduled to be visited. There must have 
been a great deal of effort put forth on the part of 
both Thos. Cook and the many individuals respon- 
sible for arrangements. Buses and planes were sub 
stituted for trains and, except for the fact that the 
buses took a little longer, eliminating some slee; 
and some visits, the tours went off without a hitch 
The proximity of a variety of plants to be visited in 
the Dusseldorf area permitted the extensive use of 
buses. The stopover in Liege and trips to the prov- 
inces of France were made by train 

Some of the almost 100 technical sessions were 
held at various institute headquarters or other suit- 
able central location while others were located at 
the plants in connection with visits. In London, it 
was impressive to be holding technical sessions in 
the Church House next door to Westminster Abbey 
and within sight of the Houses of Parliament on the 
Thames 

As some crossed a very calm English Channel by 
boat and took a long train ride to Dusseldorf, othe: 


flew. All wondered just how the technical discus- 


in London, the Guildhall, built between 1411 and 1440, now serves as the meeting ploce of the Common Council, Within its his 
toric wolls, notional ond internctional leaders, heroes and patriots are honored. On June 2, the Guildholl was used by the British 
tron & Steel Federation for o bonquet on the occasion of the Joint Metallurgical Societies’ Meeting 
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ild be carried out in Germany with a differ- 
e a é istom At the opening 
cla to be linguist 
t irpr ‘ A ie f m the 
‘ Ex h trar at r 
irk ‘ a was broadcast a few 
the peake t tw? e with the ear- 
hed s) t wave receive! At me 
Belgium, and France, transla- 
ed gntseeing vere 
t ‘ ept Sunday these 
ted to the lactie« and I at- 
be ide here t cove their treasured 
Suffice it t ay that tw lays of sight- 
ta nm (re inv and two in 
t e er gh to use $40 worth of film 
t t igh. On the Sunday in 
at tris n the Rhine wa participated 
ve ne. Perhaps 500 were guests of 
eutscher Eisenhuttenleute on a special 
r ithe peciai car for dancing on 
e t n required an entirely different adjustment 
‘ ‘ leve ped t the ne fourth of the 
Arne ns ip wt uiled to England on the Queen 
. lirime were erved n the chartered 
st it seeti nore accurate to say this than 
the inch i dinner or dinner and supper. Al- 
the weathe vas not ideal, everyone enjoyed 
elaxa und sociability. Die Lorelei was navi- 
essfu nd ne of the male hopefuls 
va , ked at ti nt in the Rhine 
har the tightest schedule was the half day 
t to Liege, Belgium. Dusseldorf buses picked uj 
the ( eret at )am (after breakfast!) to take 
the t tre pecial train for Liege In Liege the 
Centre National de Recherches Metallurgiques was 
host at a surmptuous luncheon. Talks and presenta- 
tion of } followed. The Conferees then broke up 
nto a sightseeing g ip for the ladies and four tech- 
erest groups for the men. Short al 
liscu n preceded each of four plant tr ps The 


pecial train left Liege at 6:20 for Paris arriving by 
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At the reception preceding the banquet 
at Guildhall, A. G. Stewort, President 
of the British Iron & Stee! Federation, 
welcomes Winthrop W. Aldrich, Amer- 
ican Ambassador, right. At attention 
in the bockground is the guord, drawn 
from the Company of Pikemen of the 
Honourable Artillery Company. 


midnight where the Conferees were distributed by 
bus to some twenty hotels. Needless to say it took 
effort to make the 9 am bus the next morning for the 


pening session in Paris 


A distinguished feature of this meeting above all 
others was the desire and good will on both sides for 

ntinuing the friendly relationships so happily es- 
tablished. This desire to maintain international con- 
tacts took a form which perhaps for us is a little 
inusual. The European societies conferred honorary 
memberships on the presidents and secretaries of the 
cooperating American societies. On our part, this 
compliment was returned with satisfaction. It seemed 
to be the hope of all concerned that these new and 
semiformal relationships would do a great deal in 
the future to facilitate a continuing and fruitful ex- 
change of technical information 

At the Opening Plenary Session in London on 
June 1, Past President Richard Lyttelton took this 
opportunity to present the Bessemer Gold Medal of 
the Iron & Steel Institute for 1955 to Prof. John 
Chipman. Dr. Maurice Cook, President of the Insti- 
ute of Metals, presented Honorary Life Member- 
ships in the Institute of Metals to AIME President 
Henry DeWitt Smith and ASM President George 
‘rts. Sir Charles Bruce-Gardner, President of 
the Iron & Steel Institute, presented Honorary Mem- 
berships in the Iron & Steel Institute to Dr. Howard 
Biers, W. H. Eisenman, and Ernest Kirkendall. Your 
Secretary was deeply appreciative of this rare honor 

At the Opening Plenary Session in Dusseldorf on 
June 9, Dr. Ingr. Paul Brenner presented Honorary 
Memberships in the Deutsche Gesellshaft for Met- 
allkunde, of which he is President, to Henry DeWitt 
Smith and W. H. Eisenman. Prof. Dr. Herman 
Schenck presented Non-Resident Honorary Mem- 
berships in the Verein Deutscher Eisenhuttenleute, 
of which he is President, to Howard Biers, George 
Roberts, and Ernest Kirkendall. In addition to the 
honor, the leather bound certificates are beautifully 
prepared 

In Belgium the Assn. of Engineering Alumni of 
the University of Liege serves a similar function as 
At the luncheon in Liege, Fran- 


a technical society 


i 


cois Perot, President of the Centre National de 
Recherches Metallurgiques, presented both diplomas 
and silver medals conferring Honorary Membership 
in the association to Henry DeWitt Smith, George 
Roberts, Howard Biers, Kenneth Headlam-Morley, 
W. H. Eisenman, and Ernest Kirkendall. 

On June 14, the initial meeting in Paris was held. 
Raoul de Vitry, President of the Societe Francaise de 
Metallurgie, presented beautiful large silver medals 
of Honorary Membership in the Society to Henry 
DeWitt Smith, George Roberts, Howard Biers, W. H. 
Eisenman, and Ernest Kirkendall. At a reception 
which followed at the Hotel de Ville, Vice-Mayor of 
the City of Paris presented the Silver Medal of the 
City to the Presidents of AIME and ASM 

AIME considered it a privilege to grant honorary 
Life Memberships to the members of the European 
Committee and the officers of the host societies as 
follows, in appreciation of the tremendous effort 
they had put forth to make this meeting a technical 
and enjoyable success: Sir Charles Bruce-Gardner, 
Dr. Maurice Cook, Prof. Dr. Hermann Schenck, Prof 
Dr. Paul Brenner, Arthur Decoux, First Vice-Presi- 
dent of the Centre National de Recherches Metal- 
lurgiques and President of the Charleroi Section, 
Raoul de Vitry, Kenneth Headlam-Morley, Lt. Col 
S. C. Guillan, Secretary of the Institute of Metals, 
Dr. Kurt Thomas, Director of the Verein Deutscher 
Eisenhuttenleute, Dr. Bernard Trautmann, Secre- 
tary of the Deutsche Gesellshaft fur Metallkunde, 
Prof. P. Coheur, Director of Research, Centre Na- 
tional de Recherches Metallurgiques, Dr. Eugene- 
Louis Dupuy, Secretary of the Societe Francaise de 
Metallurgie, Sven Fornander, Director of Research, 
Jernkontoret and Dr. Howard Biers 

Evenings were as important a part of the schedule 
as were days. It is safe to say that the American 
Conferees were never better fed than during this 
three-week period. On the evening of May 3lst, a 
fairly large group of officials of various Institutes 
were guests of the Iron & Stee! Institute and Insti- 
tute of Metals at a reception. Wednesday evening 
the Conferees were guests of Her Majesty’s Govern- 
ment at a reception at Lancaster House. This mag- 
nificent London town house of the early nineteenth 
century and its delightful garden—with music by 
the Guard’s Band in their red tunics—will long be 
remembered. The highlight of social activities in 
London was the Banquet at the Guildhall. The 
Guildhall was built over 600 years ago and was part 
of the original City of London. It is used by the 
leaders of the city for formal dinners such as was 
ours. About 500 Conferees were guests of the Brit- 
sh Iron & Steel] Federation at this formal Banquet 
Various ambassadors and the Lord Mayor of London 
attended with his Sheriffs. The Lord Mayor was a 
principal speaker. A detail of Pikemen, dressed in 
colorful medieval steel mail, added true glamor to 
the occasion 

On Saturday and Sunday the Conferees chose be- 
tween leaving for two or three days for one of the 
following places: Scotland, Wales, Birmingham, 
Sheffield—or staying in London. In each case Con- 
ferees were treated to luncheons, receptions and 
banquets as well as works visits 

The first evening in Germany the Conferees were 
guests of the town of Dusseldorf at a reception and 
t given by the Lord Mayor in the Rococco 
Castle at Benrath. Old Dusseldorf provided restau- 
rants for a real German dinner for those who wished 
something different on one of the following evenings 

On the evening of June 14, the Conferees were 


Delegates at the opening session in Germany, at the 
Residenz-Theoter, Dusseldorf, on June 9, were welcomed 
by Prof. Dr. Hermann R. Schenck, President of the Verein 
Deutscher Eisenhiittenleute. Shown ore Dr. Bernhard 
Trautmann, Secretary of the Deutsche Gesellschaft fiir 
Metalikunde; Prof. Dr. Paul Brenner, President of the 
Deutsche Gesellschaft fur Metallkunde; Mrs. Paul Brenner 
Mrs. Hermann Schenck; Dr. Ernest Kirkendall; Mrs. George 
Roberts; Dr. George Roberts; W. H. Eisenman; and Dr 
Howard Biers 


guests of the French Government at a reception and 
tour of the Palace of Louvre. Guides and special 
lighting for the statues made for a particularly en- 
viable visit. After two days in Paris it was difficult 
to decide whether to stay in Paris or take a tour to 
visit plants in Lille and Denain, Douai and Le 
Havre, Metz, Lyon, Clermont-Ferrand, Hirson, Seri- 
fontaine or the Chateau country. In any case, lunch- 
eons, receptions and dinners assured the Conferees 
that they were honored guests. Following a final 
day in Paris a Banquet at the Palace of Versailles 


There were moments of relaxation, as con be seen from 
this photo token at Drosselgasse in Rudesheim, Germany, 
preceding the Sunday Rhine boat trip. Enjoying their travels 
ore Dr. Ernest Kirkendall, Dr. and Mrs. James 8. Austin, 
and Dr. and Mrs. George Roberts 


made a truly fitting closing activity to this \remen- 
dously successful Joint Metallurgical Societies Meet- 
ing. Conferees visited the library where the World 
War I Treaty of Versailles was signed. An elaboraté 


banquet followed, served by waiters in 17th Cen 
tury costume and powdered wigs. The Spectacle of 
Sound and Light in the Gardens after the dinne: 
was an occasion no Conferee will ever forget. Loud- 
Speakers at various points on the trees, gardens, and 
palace roof traced the history of Versaillé to the 


harmonious accompaniment of light and sound ef- 
fects throughout the spectacular gardens, fountains, 
and the palace itself. Dancing followed for the har- 
dier souls and the Joint Metallurgical Societies 
Meeting in Europe, 1955 was complete 

Pictures from the last two countries visited did 
not arrive in time for inclusion in this issue 


Exmest Kirkendall 
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4 Times the Life-Span 
of “Gray” Iron 


Harnischfeger gets longer life 
and easier fabrication 
from Ductile Cast Iron 


In solving a machining problem, Harnisch- 
feger Corporation discovered how to greatly 
ncrease life of sheaves handling wire rope 


Che problem arose in machining sheaves of 
yray cast iron. Chill at the top and corners 
f rope grooves caused cutting tool breakage. 


When Harnischfeger annealed these cast- 

y rove machinability, the base or 

r f the rope grooves were softened. 

Ranging from 140 to 196 BHN, the softened 

‘ it prematurely and frequent 

eplacements were needed . .. wasting valu- 
le hours of production time. 


Ductile Cast Iron the answer 


Ductile iron, which has excellent wear resist- 
ance, soived the probiem. 
Although the hardness of the Ductile Cast 
Iron was higher (240-269 BHN) than that of 
ist iron, it is free of chill at the edges and 
machined readily. But especially important in 
andling wire rope, the wear resistance pro- 
ided by Ductile Cast Iron gave the sheaves 


i 4to 1 longer life than gray iron. 


This is a simple example, showing how you 
get multiple savings by using Ductile Cast 
lron. For here's a material with the casta- 

of cast iron, and properties similar to 
f cast steel 


Get all the facts about the impact strength, 
wear re tance and machinability of this 
economical cast iron. It’s several times 
atronger and tougher than gray cast iron. 
Send for a copy of “DUCTILE IRON, The 
Cast Iron THAT CAN BE BENT!” It’s filled 
with helpful data. Write for your copy now. 


=. 


GR ductile iron... the cast iron 
“that can be twisted and bent 


>. 


Way to cut downtime of overhead traveling crane. Grapple shown 
at work in lumber shed is equipped with sheaves of Ductile Cast Iron, 
Readily machinable, but resistant to wear from wire rope, they out- 
last gray iron sheaves 4 to 1. Equipment produced by Harnischfeger 
Corp., Milwaukee 46, Wisc. 


THE INTERNATIONAL NICKEL COMPANY, INC. °7 v. 
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Uranium ingots are being forged in a 1000-ton press by Heppen- 
stall Co., for the Mallinckrodt Chemical Works, Forging 
temperature is attained by heating in a salt bath; after 
forging metal is quenched in water to prevent oxidation. 
Because of uranium's strategic value, special security 
procedures are enforced when work is underway. 


Funds totaling $18,863,000, a reduction of $6,637,000 from 1955, 
were appropriated to the Bureau of Mines for the fiscal] 
ear 1956. Of the total amount the Bureau will use 
$5" 989,130 for studies on metallic and nonmetallic minerals. 


Battelle Memorial Institute has found that oxides of certain 
metals dispersed in molybdenum increase creep strength. 
Using powder metallurgy methods, molybdenum oxide composi- 
tions were created with twice the creep lives of ordinary 
molybdenum alloys at 1800° to 2000°F. 


Sharon Steel Corp. will build a new 44-in. blooming mill at 
Roemer Works, Farrell, Pa. Costing $13.5 million the mill 
will handle 100,000 tons of ingots per month. United 


Engineering & Foundry Co. has been awarded the contract to 
design and build the mill. 


Fansteel Metallurgical Corp. will operate a west coast plant 
for the assembly of selenium rectifiers. Located in South 
Pasadena, Calif., the plant will be in operation by August 1. 


Developed by the stainless processing div. of Wall Colmonoy Corp., 
a new titanium vacuum brazing process uses lower-than-normal 
brazing temperatures. Titanium can be joined to stainless 


steel and other alloys and the process is applicable to 
assemblies of any size. 


Coal will be the power source for the 66,000 ton per year, 

$85 million aluminum plant planned by St. Joseph Lead Co. 
and Pittsburgh Consolidation Coal Co. Olin-Mathieson 
Chemical Corp. has requested assistance from ODM for 
building a 60,000 ton $74 million aluminum plant in West 
Virginia, also to be coal powered. 


Capacity of the electrolytic zinc plant of AS&R at Corpus 
Christi is being increased by about one third. Expected 
to go into operation at the end of 1956 the additional 
facilities will give the plant a capacity of 9000 tons of 
zinc monthly as compared with present production of 
6500 tons per month. 


Iceland making use of the abundant water power available 
are being studied by Scandinavian industrialists. 

Planners hope to attract foreign capital for participation 
in the enterprises as was the case of Norwegian aluminum 
industry development. 


Journal of Metals Keeporter 


AUGUST 1955, JOURNAL OF METALS—869 


| 
aa 
| Plans for the building of electrometallurgical plants in 


Transatlantx 


Electron tubes right for the 
Telephone Cable between New foundlan 
the Britieh are 


Laboratories. Life teat bank i« shown left. The 


cable «evetem, which can carry 36 


ous conversations, pount enterpriee of the 
American Pele 
the Britieh Poet 
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ard 


bemge handmade at Hell 


When the world’s first transoceanic 
telephone cable is laid across the 
Atlantic it 
of electron tubes needed to amplify 


will contain hundreds 
vores, Deep on the ocean floor 
these tubes must keep on working, 
bevond reach 


year after vear. far 


of ordinary repair services. 


Bell Tels phone Laboratories 
scientists have developed a tube of 
unnque endurance. Before a tube is 
even considered for use in the cable 
it is op rated for 5000 hours under 
full voltage—more than the entire 


life of many tubes. 


BELL TELEPHONE 


Imy telepnone seTUice 


for America provi les careers 


for creative men in scientific and technical 


But survival alone is not enough. 
During the test each tube is ex- 
haustively studied for behavior that 
may foreshadow trouble years later. 
Tubes that show even a hint of 
For the 


good ones, a life of many years can 


weakness are discarded. 


be safely predicted. 


Bell Telephone Laboratories 
scientists began their quest for this 
ocean-floor tube many 
Now it is ready—another example 


years ago. 


of the foresightedness in research 
that he Ips keep the Bell T elephone 


System the world’s best. 


LABORATORIES 


fields 


oe 
‘yor 


a vertical 
metallograph for 
the ultimate in 
versatility and 
photomicrography... 


PANPHOT 


Modern industry is called upon to test new materials and methods almost every week. 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 
of their size, can be observed from corner to corner in an upright position. 


e New vertical illuminator with rapid objective 
changing device. 

¢ Low-power illuminator for photography speci- 
mens up to 60 mm. in size. 


¢ Instant change-over from binocular observation 
to photography. 

¢ Low-voltage lamp intense enough for photog- 
raphy, plus arc lamp and the highest powers 
of magnification. Magnification ranges from 
2x to 2000x. 

¢ Vertical compact construction requiring mini- 

mum of space, 


LEITZ, INC., Dept. JM-8 
468 Fourth Avenue, New York 16, N.Y. 


' Pleose send me brochure on PANPHOT Metallographic : 
Microscope. 
: 
Nome 
Street 
H 
City Zone State 


Leirz, inc., 4686 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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Ore Fines Utilized in Low Shaft 


Furnace to Produce Thomas Pig Iron 


by P. Coheur 


R' SEARCH on th w shaft furnace being The iron notch is along one of the short sides. Two 


t und the direction of the Liég« iag notches are provided, one at each of the short 
I Be Natior ente f Metallurgi- le The walls of the furnace are cooled exter- 
A tr the <i neet ol Vale! 
I dire a ‘ f rese h worke rhe raw materials arrive at the pilot plant in rail- 
f é j France, Ita and Luxe irs id ca from which they are dumped into pits 
" the t f Western Eu - are By mear fa gantry, the solid materials are picked 
the | pal interest the halt ip and dumped into hoppers placed above weigh- 
fu t t ties { making ‘ ! belt Afte weighing, the raw materials are 
Thon l n) f av transported on belts and dumped into a double load- 
f fed ¢t the lina! Diast i ns Kip whic! hoisted and dumped into the two 
suse t difficult m tre peratior bell hoppe at the top of the furnacts The molten 
‘ , ‘ ‘ ! u nto the adjoining cast house. The slag is 
' f the esea ht gram meta granulated by a water jet directly into railroad cars 
I ‘ t litabie ! the ¢ Air at two pre ire is available: low ure 
nace were used. Thereafte test al ipphed by blowers and high pressure air by 
ise f ever ver grade fuel ict turbocompre rs. Two stoves are available for heat- 
te ture COKE I A ' atile rine ng the alr On leaving the furnace the gase pass, 
be used the ist furnace. It wa first, through a dust catcher and then through a wet 
that t ¢ nould be Olained ftror tre washer. They are then piped to a nearby plant for 
I re Luxembu ind should ‘ it ation. Air enrichment with oxygen takes place 
he ilt ‘ rte between the blowers and the stove 
ll as 20x! 0.79x0.39 in.) t Test Conditions 
I ed later by ir iding | ‘ ind larg« The low shaft furnace was lighted on May 13 
x0 mr ) Ix in.) 19 and the f t set f tr s lasted for about 13 
months until June 6. 1954. Result btained in only 
Pilot Plant l haracteristic campaigns will be summarized 
ly ler to minimize adiatior é ind also t During the test period total of 7300 tons of pig 
bt " ‘ irabie a die t lifferent experi- 
. actice the research w va irried t 1i0t only t ib- 
rg ‘ he expe ta W shart ipplied to the 
fu ( at the eve the mposed test con- 
} 2 ft er hment, and 
rh iit t pe nce time of mate- 
i Ded mposed ticit ‘ al in the furnace is only from 1 to 2 hr, the length 
} led t ise tine vent : ia ) f each campaign wa mited to about 10 days 
ect é ead in Diast at ft ise a During each campaign the imposed test conditions 
thor : ented t flat et il ova 
th, € the Table |. Composition of Ores Used 
‘ ‘ ect thy furnace Tetal Fe Ca0/sio 
let are piaced nea the top at both end . the 
Basic Ores 
mit und a blown through eight arte 
4to 12 45 2.05 


COMEUR is Director, Centre Notione! de Recherches ~ 225 
lurgiques, Li¢ge, Belgium. This paper was presented ot the AIME Acid Ore 
Annual Meeting, Chicogo, Feb. 14 to 19, 1955 12 
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were maintained as constant as possible. Lack of 
constancy was caused not only by variations in the 
composition of the raw materials supplied, but also 
by an intermittency in the operations resulting from 
hang-ups due to slight bridging. The hanging was 
not severe enough to require stopping the blast, but 
it was characterized by a momentary interruption 
in the down feeding rate. It occurred, on the average, 
once every 20 min with spontaneous resumption of 
feed 

Tables I and II give the main characteristics of 
the ores used in these tests. It can be seen from the 
lime-silica ratio that these ores are basic and almost 
self fluxing. They require but a small addition of 
acid ore. The ores are low in iron, and the size is 
rather small 

Table III gives the analysis and the size char- 
acteristics of the cokes used. In some of the tests, 
the principal size percentage of the metallurgical 
coke used was in the range of 30 to 10 mm (1.18 to 
0.39 in.). In others, most of the coke was in the 
range 20 to 10 mm (0.79 to 0.39 in.). The low tem- 
perature coke used in Campaign 13 was approxi- 
mately of this size. In unreported tests, the low 
shaft furnace was operated for about one week with 
mixtures of low temperature coke and high volatile 
coal or anthracite. Both the high volatile coal and 
the anthracite were mostly of the 20 to 10 mm (0.79 
to 0.39 in.) size and were added to a maximum of 
25 pct of the total 


be 


General Conclusions Drawn from Low Shaft 
Furnace Operations 


A-—-The low shoft furnace wos successful in producing 
Thomas low silicon pig iron 

B—Pig iron produced was obtained from row materials 
which cannot be used in conventional blast furnaces because 
of fineness or other reasons 

C—The low shoft furnace operated satisfactorily with 
materials in the range 22 to 0 mm (0.79 to 0 in.), with 50 
pct of this moterial less than 10 mm (0.39 in.). However, to 
obtain o sufficiently high carbon content in the pig iron, the 
size of the coke used must be smaller than 25 mm (0.97 in.) 
On the other hand, when the percentage of material in the 
range 10 to 0 mm is in excess of 50 pct, an increase in the 
occurrence of bridging and hang-ups occurred with conse 
quent greater irregularity in the operation 

D—Low temperoture coke proved to be an excellent fuel 
Results of tests in which o fuel mixture wos used containing 
25 pct anthracite or coal, with the remainder low tempera 
ture coke, are also encouraging 

E—Combustion zone of the low shaft furnace is quite thin, 
and the thermal gradient in the incoming chorge particu 
larly high. As a result: 1. The heat losses of the low shaft 
furnace ore rather low and correspond to about 7 pct of the 
heat input; 2. The temperature of the gases at the outlet is 
less thon 200°C (392°F); 3. Indirect reduction of the ore 
by the gases is not so effective as in the blast furnace; 
and 4. Fuel hydrocarbons appear to be cracked 

F—Efficiency obtained was about 30 pct, so a total of 
about 1200 kg of corbon is required per metric ton of pig 
iron. This represents an increase in fuel requirement of 
about 25 pct as compared to the blast furnace. The increase 
in fuel requirement is due mostly to o decrease in the in 
direct reduction of ore and to higher ash and moisture con 
tents of the fuel used. On the other hand, the heating 
value and CO content of the gases is relatively higher. Con 
sidering the fact that the low shaft furnace operates well on 
low grade fuels, the higher heating value of the gos may 
compensate somewhot for the higher fuel requirements 

G—Use of oxygen enrichment is not considered an essen 
tial requirement for the satisfactory operation of the low 
shoft furnace 

H—Dust corry-over increases directly with fineness of the 
feed. Nearly all of the carry-over corresponds to the frac 
tion of the ore fed smaller thon 500 microns 


Fig. 1—Salient features of the experimental low shoft fur 
noce ore shown. The long horizontal axis is 3 m (9.8 ft) 
long, and the short axis is 1.2 m (3.9 ft) in length. Distance 
between the level of tuyeres and the maximum height of 
stock line is 5 m (163 ft) 


The successive charges of ore and coke each had 
a thickness of approximately 20 cm (8 in.). Cold 
tests proved that because of the nelination of the 
chute ahead of the bell considerable size segrega- 
tion took place over the cros ectional area. The 
effect of thi ize segregation, however, proved to be 
negligible for the primary test 

Table IV gives the characteristics of the hot blast 
For most of the campaign the oxyet percentage 
was increased to approximately 26 p ilthough ir 
two of the campaigr no oxygen ¢ hment wa 
used. In one unreported campaign, « gen percent 
ages of 24 and 32 were used. Air pre ire was varied 


between 136 and 220 mm of Hg (5.4 to 8.7 in. Hg) 


Table Ii. Size of Ores Used 


20470 mm 10 mm 1020 mm 
Origin (1.1820.79 in (0.700.259 in.) in 


Basic Ores 


ida 2% 

St. Piermont 100.0 
Acid Ore 

Arbed 5.0 
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per cont per cent 


the sulphur in the pig iron. The curves in both Figs 
show that the percentage of carbon, phos- 
phorus, and manganese and the ratio of sulphur in 
t sulphur in the pig iron all increase wit 

increase in the percentage of silicon. However, it 
can be seen that the combined iron in the slag and 
the sulphur in the pig iron both decrease with in- 
silicon. Most of the values plotted approach 
closely to or even extend beyond obvious maxima 


crease in 


There was often a considerable difference in the 


ize of the coke fed in the various campaigns, and 
th would partly explain the lack of coincidence 
of the various curves. Keeping in mind the size 


data in Table III, Figs. 2 and 3 show that as the 


licon content of the pig iron increases, the increase 
eater in carbon, phosphorus, and manganese 
content and also in the ratio. The maximum value 
reached is higher as the size of the coke pieces be- 
: ‘ maller. This means that, for a given silicon 
ontent of the pig iron, its carbon content, the extent 
f its desulphurization, and its manganese and phos- 
phorus contents are all improved as the size of the 
coke used becomes smallet 


in Fig. 4 refer to a silicon content of 
pe The percentages of carbon, phosphoru 
and combined iron in the slag are ali plotted against 


ze of the coke partic les. The decrease in 


carbon and phosphorus content and increase in the 
combined iron are clearly evident with increase in 
the re of the piece. A break in the carbon curve 


and one in the phosphorus curve can be seen to 


Table 1V. Characteristics of Hot Blast 


Velume 
per Metric Ten 
Pressure of Pig tren 
Campaign Oxygen, Pet Mm H¢ « Ce M (Nermal) 
21.0 21" 656 4704 
2 28.1 136 724 3122 
3 27.1 217 672 634 
4 1.0 233 662 42% 
5 269 214 720 2a 
6 264 184 773 3117 
7 289 215 759 ile 
a 27.9 in 752 200 
28.4 22! 788 
10 27.8 161 799 
ll 27.4 19 779 
2 27 178 774 
280 173 767 
. 
ots Fig. 3—Relation of 
combined iron in 


J slag, sulphur in the 
j pig iron, and their 

5 ratio to silicon con- 
é tent of pig iron is 


graphed 


| | 
os! | | 
| 
7 


Table V. Test Conditions and Salient Results 


Rate of Pig Iren 


Depth Berning Pre- Ore. 
ef Keg per ductien. Effective Kg per Ton 
Cam- Charge. Sq M Ten per Carben, 
paign per Hr Hr Kg per Ten Basic Acid 
1 4.80 757 29.2 1295 447 37 
2 4.80 725 30.3 1210 3595 472 
3 4.80 1064 39.9 1336 3878 476 
4 4.80 7 33.7 1164 3568 246 
5 480 1007 40.0 1244 3593 312 
6 4.55 993 43.1 1138 3109 i798 
7 3.60 997 35.4 1240 3652 B44 
8 4.60 2 39.5 1211 3496 6 
¥ 4.35 928 36.5 1186 3450 44 
10 4.80 910 ‘8 1359 3781 216 
11 410 RY 35.4 1162 3579 19 
12 4.10 Ga 35.9 1170 3488 
13 3.25 929 36.1 1208 3658 


occur in the vicinity of an average sized piece of 
11 mm (0.43 in.). 


Dust and Top Gases 

Table VII gives the average weight of the primary 
dust for the various campaigns as kg per metric ton 
of pig iron. Also listed are the average temperature 
and the lower calorific value of the top gases. It 
can be seen that the dust produced varied between 
approximately 150 and 500 kg per metric ton of 
iron. This dust production is similar to that pro- 
duced in conventional blast furnaces using simila! 
ores. It could be decreased by decreasing the veloc- 
ity of the gas at the outlet and by sloping the latte: 
which, it should be recalled, was horizontal in these 
tests. It should be noted regarding the temperature 


of the top gases that it remained between 100° and 


200°C (212° to 292°F) whether the air was enriched 
or not. These temperatures are remarkably low con- 
sidering the relatively thin depth of charge 

The composition of the gases varied with the 
oxygen added to the air. Thus, the CO content which 
was approximately 29 to 30 pct for atmospher 
increased directly with oxygen enrichment to reach 
approximately 39 pct with a total oxygen of 28 pct 
Under these conditions, the lower calorific value of 
the gas increased from between 950 and 1000 to 
1250 and 1300 calories per cu m corrected to the 


ic alr, 


normal conditions of 760 mm of Hg and 20°C 

The CO, content, on the other hand, remained 
close to 10 pct. The ratio CO,/CO, after correcting 
for the carbon dioxide of mineral origin, remained 
rather constant and at the low level of 0.1 to 0.2 
The ratio decreased with decrease in the size con- 
sist of the feed. During the first campaign, the 
hydrogen content of the gas remained approximately 


constant between 2.5 and 3 pct. Subsequently, the 
hydrogen content increased to between 3.5 and 4 


pet. It appears that this increase was related to a 
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Fig. 4—Percentages of carbon, phosphorus, and combined 
iron in the slag ore all plotted against the mean size of 
the coke particles 


simultaneous increase in moisture of the ore. Dur 
ing campaigns where low temperature coke mixed 
with high volatile coal or anthracite was used, the 
hydrogen content increased to 7 to 8 pect The heat 


ing value of the gas was thus increased to between 


1300 and 1350 calories per normal cu! The addi 
tion of as much as 25 pct of coal or anthracite did 
not cause significant increas in the quantity of 
hydrocarbons in the ga The maximum reached 
was 0.5 pct. This would point to the possibility that 
the hydrocarbon released from the combustible 
material are cracked. This might be a consequence 


of the high temperature gradient that has been ob 


served in the bed 


Carefully made heat balance on all the data 
taken during the 13 campaigr have shown rathe 
low direct losses of heat from the low shaft furnace 
to the surroundings. These losse approximate! 
7 pet of the heat supplied or 30 million Btu per 
metric ton of pig iron. Direct measurement how 
that the transfer f heat t ine <« liz water 
equivalent to about 2.5 million Btu per ton of | 
iron and that the losses by radiation and convect 
do not exceed 3 million Btu per tor Thi esuit 


Table Vi. Average Carbon, Silicon, and Sulphur in Pig Iron 


Pereent 
Campaign Carben Silieen Selpher 

1 3.24 0.32 
2 291 0.80 

3.24 048 
4 3.16 0 48 
5 291 0 87 
6 349 0.86 
7 3.47 ose 
8 3.20 1.12 
23 a5 
10 2.89 138 
i} 0.91 
12 
i3 3.61 023 


Table Vil. Dust and Top Gases 


Tep Gases 


Dest Carry -Over Lewer Heating Value 


Campaign Ke per Ten ‘ Cal per Ca M (Normal) 

1 ai 167 

2 139 138 

3 290 7 ‘ 
4 214 
5 45% 2 2M 
4 2K 18 

7 sic 4 29 
8 24 
9 217 ‘ 2 
10 275 
11 179 10% 
12 246 278 
237 25 ‘ 


— 
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gases for the low shaft blast furnace is lower than 
Table Vill, Comparison of Heat Requirements of Low Shaft Furnace that removed in the blast furnace by an amount 
with Blast Furnace® equivalent to about 2 miilion Btu per ton of iron 
E—Gas leaving the reduction zone of the low 
Additional haft furnace higher in CO than in the blast fur- 
Effective Poet Required 
Heat, Millien Carben Low Shaft nat wing to less extensive indirect reduction of 
Hite per Ten Ke per Ten Pernace, Pet 


‘onsequently, the heat released by the 


n which, in the case of the blast furnace is 
above 3600 calories per kg, with a corrected CO,/CO 


atio of 0.25, falls to 3100 calories per kg in the 

furnace with a corrected CO,/CO ratio 

13 his corresponds effectively to an addi- 

i. ional I on Btu per ton of iron to be supplied 


for the blast furnace and the low 
respectively about 10 pct and 7 
advantage to the low shaft fur- 
ut 15 million Btu per ton of iron 

nmarizes the difference in the heat 
low shaft furnace as compared 
The three columns express 
) terms of Btu per metric ton of 
of kg of carbon with an effective 
3100 calories per kg, and in terms 
additional coke required. The 
higher moisture and 
coke used and is the sum 
It can be concluded 
of the low shaft furnace 
r 25 pct higher than that of the 
The principal items leading to this 
are. first, the lower extent of indirect re- 
as demonstrated by the lower value of the 
CO (16 pet) and, secondly, the higher ash 

ture content of the coke used (7 pct) 
f oxygen enrichment of the air sup- 
to 28 pct O, had the following con- 
Reduction in the carry-over of dust 
$—Decrease of about 25 pct in the 


leaving the furnace, and a simul- 
‘ in the lower calorific value of the 

Discussion of Results : 
as of apy cin ly 300 calories per normal cu m; 


increasing by about 25 pct the 

yf the low shaft furnace 
believed, in this instance, when the ob- 
yroduce low silicon iron from lean basic 
that oxygen enrichment decreased fuel re- 
nents. Consequently, the question as to whether 
air will eventually be used depends on the 
btained from increased production of pig 
rease in dust carry-over, on the benefits 
wed radiation losses, and on the advantage 
as of higher heating value as opposed 

r the oxygen 

ampaigns St. Piermont ore was 
to increase the quantity of fine 
When the percentage of the fine 
‘0 to 10 mm is in excess of 50 or 
become irregular, but the 
ar as chemical analysis is 


ry good 
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Slag Fuming Furnaces Recover 


Zinc and Lead From Copper Slag ; 


by R. E. Mast and G. H. Kent 


4 

LAG FUMING is used by the Hudson Bay Mining planned to treat all of the reverberatory slag pro- ‘ 

& Smelting Co. for the recovery of zinc and lead duced, two 8x21-ft furning furnace were installed 4 

from copper reverberatory slag. Some of the zinc in These are separate units, with their operation com : 

the ore at Flin Flon is in the form of ZnOFe,O, and pletely independent of each othe! Each furnace : 

is not recoverable in the low acid, low density typé« contains 21 double inlet, water cooled tuyeres on ce 

of electrolytic plant. This zinc residue was formerly each side. Powdered coal i ipplied to each fur ae 

stockpiled nace by Babcock & Wilcox Type E-29 unit pulver iad 

The percent of contained metal in the zinc plant izers. The air requirements are furnished by thre« a 
residue is shown in Table I. In July 1949, research Allis-Chalmers two stage, electrically driven cen 

on recovery of this metal culminated in the fuming trifugal blowers 

method of treating the residue, and the decision was The zinc, after fuming out of the slag, is carried ae 

made to build a full scale plant out of the fuming furnace through a Babcock & 

Fig. 1 shows the general smelter plan with the Wilcox boiler and economizer, then t igh ; ! 

integrated slag fuming process. Because it was cooling tubes, to a Northern Blower baghouse. The 

zinc oxide fume, collected in the baghouse, is carried 

R. E. MAST ond G H. KENT are Smelter Superintendent and by conveyor belt to the zinc plant for recovery of 

Assistant Smelter Superintendent, respectively, Hudson Bay Mining the zinc as slab. In addition to the above equipment 


. Smelting Co. Ltd., Flin Flon, Menitobe, Cenede two 2000 kva Pittsburgh Lectromelt brick holding 
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Fig. 1 General 
smelter plon shows 
the two tum 
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per min. for as long as the schedule will 
tuveres are occasionally punched with 


i to keep them clean. About 15 to 20 min 
time, the coal is gradually lowered 
}) Ib per min. This allows the charge to 


thus making the slag more fluid and cutting 


thing of the slag, so that it will fill a 
number of slag pots 

mplete cycle time is about 180 min, during 

) to 25 min are charging time, 15 to 20 min 


preparatory to tapping, and 15 min are 
and tapping out 
age coal consumption per fuming furnace 
5 lb per min. The average spent slag assay 
00 pct Zn. The pounds of coal required per 
f zinc fumed is 2.0 to 2.3. The pounds of 


ned per minute is 60 to 70, and the average 


ire about 87 to 88 pet 
yne furnace is out of service, the entire 
of smelter slag is treated in the other fur- 
much shorter cycle times. The recovery is 
to 70 pet: the pounds of coal per pound of 


out 1.8: and the zinc fumed per min about 


mperature of the slag in the fuming fur- 
controlled by changing the coal fed to the 
Under normal conditions, lowering the coal 
e the temperature of the slag to increase, 
a greater portion of the air is being used 
CO. instead of CO in the slag bath. The 
ure at the boiler entrance will decrease, 
with a lowering of coal feed 


Silica Content of Slag 


ilica content of the slag treated is one of the 


ortant variables in fuming furnace opera- 


The percentage of silica in the slag increases 
zine is eliminated with the result that a 
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charge will react differently at the start than it does 
after the zinc is removed. 

Slags of somewhat over 40 pct silica are almost 
impossible to fume. Thick shells of frozen slag are 
formed on the furnace walls, and the charge is very 
viscous. Large blobs of slag are thrown out through 
the emergency charging spout, and the fuming fur- 
nace vibrates dangerously. Usually the thick shells 
fall into the charge, cooling the slag, and making it 
more viscous. Eventually the coal and air introduced 
at the tuyeres merely blow through the thick slag, 
and no circulation of the slag is obtained, and no 
fuming. The coal will also blow back at the tuyeres 
when they are punched, and blow out from the 
cracks between the jackets below the slag line. The 
coal splitters and bustles may ignite 

The usual procedure with such a charge is to add 
a ladle of converter slag, which assays about 25 pct 
silica, to reduce the silica content of the whole 
charge. If circulation can be restored, the charge 
can eventually be tapped out. Otherwise the coal 
is turned off and the charge allowed to freeze. It 
must then be removed from the furnace by means 
of pavement breakers, a job which usually requires 
about four or five days 

Slags from 34 to 38 pct silica are probably the 
cheapest to treat from the point of coal cost. They 
are difficult to handle however, and it is necessary 
to watch them very closely, and lower the coal to 
produce heat whenever they appear to be getting 
too cold. This can usually be determined visually 
at the emergency charging spout, or by noting the 
amount of vibration of the furnace or the fluttering 
of the secondary air pressure. Fairly large splashes 
of slag are thrown out the charging spout and can 
easily plug it, cutting off the tertiary air. Charge 
with this silica content will not permit the addition 
of the normal amount of ladle shells, and extra 
labor is required to crush the shells for feeding to 
the holding furnaces 

Slags containing 32 to 34 pct silica are normal 
They give a very good ratio of coal used to zinc ob- 


iurnact 


tained, and are easily handled. The 
not vibrate much, and very little slag is thrown out 


Table |. Contained Metal in Zinc Plant Residue 


Pereent On per Ten 

Material Za Cu rb Fe Ae Ag 

Zinc residue, stockpile 265 1.05 0.828 “9 0.145 188 
Zine residue, current 26.1 1 0.62 16.5 0.11 42 


the charging spout. All the ladle shells can easily 
be handled in the fuming charges 
Slags with a silica content below 30 pct seem to 
require more coal per pound of zinc fumed. They 
are usually very fluid, and apparently can run into 
the tuyere ends because frequent punching is neces- 
sary to keep the back pressure down. These charges 
become very hot and it is difficult to prevent them 
from running out of the furnace if they find a small 
hole in the bottom. Such a condition, as a rule, can 
be stopped by adding coal pot shells or raising the 
coal, or cutting the coal off entirely for a short 
period of time 
Experimental Work 
Some test work has been done in the fuming fur- 
naces in an effort to determine the effect of the vari- 
ous operating variables on the rate of zinc elimina- 


tion from the slag. All the normal operating data 


were recorded and slag umples taken from the 
tuyeres at 10 min intervals for several cycles. Fig. 2 
is a zinc elimination curve obtained from one of 


these tests. Most of the curves were of the same 


general shape. They have an upper linear portion 
where the quantity of coal is the main factor deter 
mining the rate of fuming, and a lower curved por 


tion where the rate of fuming depends on the quan- 
ne remaining in the slag 

Slag temperatures are not regularly observed be- 
cause no device which would stand up for more than 
a few hours has been developed to determine then 
However, on several occasion lag temperature 
have been measured by inserting a thermocouplk 
into the furnace tuyere. A typical temperature curve 
for a complete cycle is shown in Fig. 3. Here it may 


be seen that the temperature at the end of a cycle 


Fig. 2—Typical zinc 
elomination curve was 
obtained by taking 
slag somples from the 
tuyeres ot 10 min 
intervals 


PCT ZINC IN SLAG 
& 
T 


DATA: 
SLAG CHARGE , TONS 72 
CYCLE TIME . MIN 180 
ZINC CONTENT OF CHARGED SLAG,LB 11,300 
ZINC CONTENT OF SPENT SLAG.LB 1,580 
ZINC ELIMINATED DURING CYCLE,LB 9,720 
ZINC ELIMINATED PER MIN, LB 54 
ZINC ELIMINATED . PCT 86 
COAL CONSUMPTION: 
TOTAL LB FOR CYCLE 22,840 
AVG RATE,LB PER MIN {27 
LB OF COAL PER LB OF Zn ELIMINATED 2.35 
AVG AIR TO TUYERES,.CFM 10,200 


CHARGED SLAG ASSAYS, PCT 
Zn Fe $102 Cac MgO AlaO3 Pb 
7.86 33133.0 12 25 54 0.24 
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high coal deliveries can be used to advantage, be- 
cause most of the cycle then takes place on the linear 
portion of the elimination curve. 

It was found in the test cycles that if the total air 
flow was cut below 9500 cfm the zinc recovery suf- 
fered, and if it were raised above 10,400 cfm the 
steam capacity of the waste heat boilers was fre- 
quently exceeded. 

Another factor affecting the fuming is the slag 
composition. Thus, a slag containing 34 pct silica 
requires less coal for fuming than a lower one of 
$1 pet. This can best be illustrated by a comparison 

the elimination curves obtained from two cycles 
were similar except for silica content. Two 
uch curves are shown in Fig. 4. The slopes of the 
linear portion of these curves are practically the 
ven though the one with 34 pct silica slag 
used 15 pct less coal. Normally with equal slags a 
a higher coal consumption has a curve 
with a steeper slope. This effect of silica has also 
been observed in plant operation, but as high silica 
lag is viscous and tends to foam badly, it is desir- 
able to silica low, even though the slag 
may then require slightly more coal. 


which 


charge with 


keep the 


Description of Smelter 
The basis for the design of the new plant was that 
300 tons per day of copper concentrates would be 
le, and to this would be added 300 tons per 


avai 4 
lay of zinc residue. In addition, of course, would be 


ary sand flux to form a satisfactory slag 
plant would only be producing about 
‘0 tons per day of residue, it was planned to re- 
cover 170 tons per day from the stockpile. Fig. 5 
hows the smelter flowsheet 
The current residue, which averages about 58 pct 
ylids, is pumped from the zinc plant to the drying 
plant, through 940 ft of 4-in. copper pipe to two 
llx15-ft wood-stave agitated tanks. The stockpile 
esidue containing about 26 pct H,O is delivered 
from the storage dump by truck and unloaded in a 
1000-ton capacity concrete bin. To make a uniform 
duct that can be fed to the copper concentrate 
rate, the current and stockpile residues 


‘ 
at a constan 


are slurried together in a 74%x21-ft rotary tumbling 
mill and the resultant slurry averaging about 35 pct 


into agitated concrete storage 
is pumped from these to a constant head 
1 where it flows through calibrated orifices 
thus combining with the 
ypper concentrates and sand. 
Because the silica content of the slag has a very 
mportant bearing on whether the slag can be suc- 
cessfully fumed or not, the proportioning of the 
constituents of the charge is very important 
concentrates from the concentrate filter 
a weightometer and the tonnage figures 


discharged 


he dryer feed screws, 


The copper 


iss Over 


Table II. Analysis of Fume Produced 
Element Pet 

Cu 021 

Zn 70.523 

Pb 2.11 

1.53 

Fe 1.1 

As 1.14 

Sb 026 

Ge 0 004 

F 0.18 

Au 0.005 oz per tor 

Ag O37 oz per tor 


from this machine are transmitted to the dryer 
operator, who gages his residue additions to the 
charge so that a constant ratio of residue to con- 
centrates is obtained. At the same time sand flux 
is added to the concentrate at a rate sufficient to 
give a reverberatory slag of the desired silica con- 
tent when smelted. 

The ratio of residue to copper concentrates was 
found to be a very important factor in successful 
reverberatory operations with this new charge. Mag- 
netite formed during roasting and converting is nor- 
mally reduced by the sulphur in the reverberatory 
charge. But now in addition to the normal amount 
of magnetite entering the furnace, there is the ferrite 
content of the zinc plant residue which places an 
additional burden on the amount of reducing agent 
available. If these ferric compounds are not re- 
duced, they do not readily enter the slag and a def- 
inite build-up on the furnace bottom is noted. This 
was actually found to be the case during the first 


Table IV. Analyses of Various Smelter Products, 1950 and 1953 


Reverbera- 


tery Slag Reverbera 
Copper Con- Roaster to Fuming tery 
centrates Caleine Furnace Matte 
Mate 
rial 1953 19538 1950 1953 1958 
On per Ten 
Au 0335 0293 0300 0.22 0.0048 0004 O61 87 
Ag 5.35 402 4o7 1.367 0.118 0.114 10.19 9.30 
Percent 
Cu 11.83 8.62 0.451 044 25.61 24.30 
Zn 44 82 4 8.17 41 8.3 
Pb 12 0 60 0.33 23 1.93 l 
$10 8&9 20.7 7.1 47 oF 
Fe 30.5 28.3 $2 6 1.0 
Al,O: 06 6.1 5A 
MgO 0 22 I 238 
CaO | é 14 
s 6 1 11 18 242 


few months of operation. The sulphur content of 
the roaster charge diminished from an average of 
29.2 pct for 1949 to 1950 to 21.8 pct for 1952 to 1953 
Roasting was therefore cut to an absolute minimum 
so that as much sulphur as possible was carried into 
the reverberatory furnace to reduce the ferric iron 
in the charge. Daily soundings of the furnace bottom 
are taken and if any build-up is noted, the ratio of 
residue to concentrates is reduced. In 1953 the ratio 
of dry residue to dry copper concentrates averaged 
1 to 3.08 

This mixture of concentrates, residue, and sand 
containing 18 pct H,O is now dried to about 10 pct 
moisture in one of two 9x80-ft coal fired rotary 


Table V. Smelter Tonnages for 1946 to 1950 and 1953 


Blister 
Smelter Smelter Copper 
Year Charge Pay Charge Preduced 
1946 to 1950 avg 574,192 26.478 50,954 
1953 606 259 457,062 40.640 30,48) 


dryers shown in Fig. 6. This material is then con- 
veyed to storage bins for feeding to the roasters as 
required 

The dried material discharging from the rotary 
dryer is conveyed to one of the four 2000-ton capac- 
ity storage bins from where it can be reclaimed by 
crane for conveying to the roaster hoppers. As this 
mixture has a much more uniform moisture content 
than the copper concentrates originally treated, short 
belts under the roaster hoppers feed this material 
to the roaster top hearths 

Because the roaster charge has less sulphur in it 
than formerly, more coal must be burned to pro- 
duce calcine with sufficient heat in it for good smelt 
ing. The coal burners which are situated on the 
eighth hearth, now operate continuously, burning 
about 27 tons of powdered coal per day. To give 
additional combustion space the seventh and eighth 
hearths were removed. The lower retention time of 
the charge in the roaster as a result of this has also 
reduced the amount of sulphur eliminated without 
reducing the calcine temperature 

Three Type E-47 pulverizers shown in Fig. 7 
bring the coal directly to the sending system. A high 
grade Crow's Nest coal, averaging over 14,000 Btu's 
per lb is ground to 90 pct —200 mesh, and fed through 
four burners 

Matte is tapped as necessary through a tap hole 
located in the furnace side wall into a cast steel pot 
for converting to blister copper. Converter slag is 
returned to the reverberatory furnace via a launder 
through the burner wall over the burner: Rever- 
beratory slag is tapped from the furnace into 224-cu 
ft capacity steel ladles which are mounted on tran 
fer cars for transportation to the fuming plant 


Table Vi. Holding Furnace Dota for 1953 


H ated, to ae 
g treated, t ‘ 7 
‘ 
T 
Wetg fe 449 02 
Weig < ‘ 
Mat 


7TEST CYCLE NO.4 


TONS OF SLAG 14 
SiO2 IN SLAG, PCT 31 
AVG COAL ,LB PER MIN {49 
LB OF COAL PERLBOF Zn 2.54 


TEST CYCLE NO. 27 
TONS SLAG 
SiOz IN SLAG, PCT 
AVG COA ,._B PER MIN 127 


LB OF COAL PER LB OF Zr ss 
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SMELTER 
FLOWSHEET 


Fig. 5—Smelter flow sheet illustrates the integration of slag fuming plant with smelter plant 


Power is supplied through three 24-in. diam car- 

bon electrodes, which are held by water cooled 

ny Equal distribution of power between the 

electrodes is maintained by an amplidyne 

system. The transformer is equipped with taps to 

Slag Fuming Plant produce secondary voltages from 130 to 270 v in 
the fuming plant v Di i 10-v steps. The original installation had a voltage 
range from 65 to 125 v in 5-v steps, but in order to 

maintain the load, the electrodes were so deeply 

immersed in the slag bath that the bottom of the 

furnace smelted out. By doubling the voltage range, 

the electrode immersion is very shallow in the slag, 

arcing taking place at times. Operation has 

much more satisfactory since. Electrode sec- 

tions are obtained in 72-in. lengths weighing about 

1800 lb with a threaded socket in each end. As the 

electrodes in the furnace become consumed, new 

sections are added to them and held in place by a 


tion of 


super 
an in- 
hicknes mposed first of 
° 
acked with 12 in. of super Pa Se 
rch was lai in a bed forme d Fig 6—Rotery drying kilas measure 9x80-ft and dry mux- 
ry material ture contoining 18 pct H.O to 10 pct moisture content 
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Fig. 7—Three Babcock & Wilcox Type E-47 pulverizers 
grind coal to 90 pct —200 mesh. Coal averages 14,000 
Btu's per Ib and is fed through four burners. 


threaded graphite nipple, which screws into the two 
sockets. A special paste is smeared in the joint to 
insure a seal between the new section and the old 
electrode. Table VI gives data on holding furnace 
operation 

Slag is tapped from one holding furnace side wall, 
through water cooled jackets. Set into the jacket is 
a cast steel tapping plate, with a 4-in. hole As 
required, the slag is drawn from the holding furnace 
through a heat resistant cast iron launder into the 
furnace as shown in Fig. 9. The slag hole is 
closed by a wet clay dobie 

At first, a great deal of difficulty was experienced 
in opening this slag hole, as there were up to 24 in 
of frozen slag to burn through. Large amounts of 
oxygen and iron pipe were consumed every time a 
hole was opened. This problem has been overcome to 
some extent by driving a green spruce pole through 
the wet clay dobie when the hole is closed The 
moisture in the pole freezes the slag around it, so 
that when the charred pole is removed, a hole re- 
into the bath, requiring considerably 


sng 


mains part way 
less chipping burning than previously 

The holding furnace slag holes are hooded and 
vented to an exhaust fan for removing fumes de- 
veloped during tapping. The furnaces themselves 


Fig. 8—One of the 200 kva Lectromelt slog holding fur 
noces is shown. Power is supplied through three 24-in 
diam carbon electrodes 


are also vented to atmosphere by a steel stack ex- 
tending through the roof of the fuming plant build- 
ing. The horizontal portion of this flue contains a 
water cooled screw conveyor for returning any 
settled oxide to the holding furnace 

If either holding furnace is out of service for any 
reason, slag can be charged directly to the fuming 
furnaces by ladle, through a water jacketed emer- 
gency charging spout. This apparently has little 
effect on the fuming operation, although the copper 
content of such slag is lost 

Any matte accumulating in the bottom of the 
holding furnaces is tapped out through one end wall 
and returned to the converter section of the smelter 

Ladle shells, which average about 6.5 pct of the 
total tonnage of slag treated, are usually smelted in 
the fuming furnaces. The original installation in- 
cluded a 12-in. gyratory crusher for crushing all 
ladle shells. A system of conveyor belts then trans- 
ported the crushed slag to an overhead steel bin 
From here, it could be drawn either into a boat for 


Fig. 9—Slog is tapped from holding furnace through a 
heot resistant cast iron lounder into the fuming furnace 


charging into hoppers over the holding furnaces, or 
into cars for transportation to the reverberatory 
furnace. However, by shelling the ladles every trip 
so that the bottoms are not too heavy, the ladle 
shells can be smelted directly in the fuming fur- 
naces by charging through the emergency spout 

In the period from Oct. 1 to Dec. 31, 1953, 81 pct 
of the ladle shells were treated in the fuming fur- 
naces, with the balance being smelted in the holding 
furnaces 


Fuming Furnaces 


The fuming furnaces are each 8 ft wide x 21 ft 
long inside, and 24 ft high with the top sloping up 
a further 17 ft to enter the water-walled combus- 
tion chamber. The water jackets, of which the fur- 
nace is built, are made of %-in. flange quality plate 
on the fire side, with %4-in. plate on the outside 
Each jacket is 5 in. in thickness inside the plate 
These side wall jackets are subjected to high thermal 
stresses, due to sudden heating when the protective 
shell of frozen slag breaks away, as is usual when 
the furnace is tapped out. It was found that by 
welding studs on jacket faces at 6-in. centers, the 
protective slag shell could be supported and damage 
to the jackets greatly reduced. The floor consists 
of seven jackets made of 2-in. extra heavy pipe, 
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One blower services one fuming furnace with the 
air from each split into primary and secondary air. 
The primary, averaging about 45 pct of the total 
air going into the tuyeres, enters the coal pulverizers 
and picks up the finely ground coal for delivery to 
the furnace. The rate of coal fed is maintained by 
a system of Bailey coal feed controllers 

he fume laden gases pass from the fuming fur- 
nace into a water walled combustion chamber, where 
oxidation of the zinc fume is complete, and any 
heavy particles are settled out. These are collected 
in hoppers in the bottom of this chamber, and are 
irawn off and screened through a %-in. screen. The 
undersize feeds to the oxide conveyors, while the 
oversize is transported to the converter pit and 
treated in the converters. 

Beyond the combustion chamber, the gases and 
fume are drawn through the waste heat boilers, 
then through a series of 38-in. diam U-tube gas 
coolers, and finally enter the baghouse. 

The baghouse consists of eight No. 1092A Northern 
Blower dust arresters, arranged lengthwise, in pairs 
over one continuous balloon hopper. Four arresters 
handle the gases from one fuming furnace. The 
gases from each furnace are drawn up through fabric 
bags to filter out the oxide, and then through the 
induced draft fans, finally passing to waste through 
a 10x65-ft steel stack. 

The bags used are 6 in. in diam x 8 ft 3 in. long 
with a free filtering area of 12 sq ft. Each arrester 
has 14 bag compartments each containing 78 bags, 
so that the whole installation has 8736 bags or 
104,832 sq ft of filtering area. The average gas flow 
through the baghouse is about 134,000 cfm at 200°F, 
with a solids loading of approximately 7 grains per 
cu ft. Collection efficiency is very high, averaging 
over 99 pct 
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h %4x5-in. steel strap on edge between each pipe. 


Most impressive part of the bouxite works operation is the block of 72 precipitating tonks. As high as a five story building, 


each tank has about 200,000 gal capacity 


Quality Metal and Cost Reduction 
Mark History of Aluminum Production 


by F. C. Frary 


4 last 35 years have brought many important 
improvements in the technology of aluminum 


tion. These have resulted in an improvement 
tal and a reduction in cost despite 


produc 


in the grade of r 
the inflation which has occurred in the meantime 
In the early years after World War I, it was rare 
to get from the reduction cells a cast of metal con- 
taining 99.65 pct Al, then known as grade A. Now 
improvements in technique and in the quality of 
raw materials (especially alumina) makes possible 
the production of millions of pounds a year of 99.85 
pet Al and some 99.90 pct Al directly in the reduc- 


F. C. FRARY is Technical Advisor, Alcoa Aluminum Research 
Loborotories, Aluminum Co. of America, New Kensington, Po. This 
poper was presented at the EMD Luncheon held during the AIME 
Annual Meeting, Chicago, Feb. 14 to 19, 1955 


tion cells. The development and commercialization 


of the three-layer refining procs for aluminur 
permits the cummercial production of metal hav 
an aluminum content of 99.99+ pct, for purposs 


which can stand the extra cost of the refining oy 
eration 
The price of the standard, 99+ pct Al dropped from 
about 33¢ during World War I to 154 in World Was 
Il, and has since only crept back to 22'%¢ in spite 
of steadily increasing labor and materials co 
Electrolytic Reduction 
The basic operation in the production of the 
aluminum is the electrolytic reduction of the oxide 
in a molten bath consisting substantially of cryolit 
a double fluoride of sodium and aluminum. Becaus« 
of its high heat of formation, aluminum oxide is 
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Steps from miming to refining of aluminum ore are illus 
troted. Bauxite, the naturally occurring hydrated oxide of 
cluminum, has on alumina content of 50 to 60 pct 
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s or more may be considered to be 


to 100,000 amp 
the final result of progress in this direction al- 
though the labor reduction is far from being di- 
rectly proportional to the increase in size 
Ex priced power has to be used, 
the the direct cost of pl ducing 
slur of the nearly 2 lb of aluminum 
xide required to produce a pound of metal. Since 
the alumina acts as an insulating layer on top ol 
the crust of frozen bath in the cell, its physical 
perties as well as its chemical properties are 
portant and must be carefully controlled 


is reported that one of the serious diffic ulties 
caused in the German aluminum plants by a 
bombing during the latter years of World War IU, 


the frequen: change in the physical propertie 


rence and 


of the alumina, caused by inter! 
otions in the alumina plants. Both the physical 


‘mical properties of the alumina depend 


ipon the carefully controlled, continuous operation 


f the Bayer process plants where it Is extracted 
from the bauxite, using caustic soda at elevated 


rature and pressure tesearch and devs 


ment in connection with this process have res ilted 


in continuous digestion of the bauxite with the 
aust oda li yuo instead of batch digestion. Im- 
provements in the extraction of the alumina and 
eparation of the sodium aluminate s lution from 
the finely divided red mud, and in the ¢ ntrol of 
the ibsequent precipitation of aluminum hydrate 

the sluminate solution have reduced 

ts and improved quality 


Ores of Aluminum 


Bauxite, the naturally occurring hydrated oxide 
alumina tne ore jsea commert al 
for the extractior tr ibstance, because it 
hig? imina content (genera 50 to 60 pct), the 
my t if the Baver extraction proce and the 
high freedom of the resulting oxide from objection- 
able impuritie However, neither the indust I 


Extractive Processes 


All commercially successful processes for ex- 
tracting alumina from its ore have been of ar al- 
kaline nature. Aside from the Bayer proce wiict 
is In generai there s the Combination ce 
yperat ng in Arkansa and the Peder nt ce op- 
erating in Norway and | bly also in Russia. The 
Comt process designed to treat a lower 
grade igh silica bauxite than the Bayer process 

In the Bayer process ligestion lica present as 
clay carries into the mud at least it wn weight of 
alumina and generally more an its weight of 


| 
-- a 
ne 
] 
-- 
ru 
independent inventor have negli 1 the her 
’ ble res of aluminum, which are chiefly the 
gt aiumina Cia’ and the feldspars 
Large number! of patents have been take! it 
; and much research and development work Gone on 
processes of extracting alumina fron these ores Dy) 
the use of one more of the common acid Such 
proce however, alway extract considerablk 
’ amounts of iron, magnesium calcium, and phos- 
phork acid Commercially econom« methods 
j for the nece iry practically complete elimination 
if these impurities from th lution have not yet 
; been found. Alkaline process¢ have the great ad- 
é vantage that they at once re ect ubstantially all 
: f these impurities and almost all of the silica in 
the mud which is ‘ltered off from the odium 
aluminate solution 


soda (calculated as soda ash), so that only low 
silica bauxites are desired for the economical op- 
eration of this process. The Combination process, 
however, successfully treats bauxites carrying up 
to 13 pct silica. In this process the bauxite is first 
subjected to a Bayer process digestion, to extract 
as much as possible of the alumina. The separated 
mud is then sintered with lime and soda, to bind 
the silica as calcium silicate and allow the recovery 
of the combined soda and alumina as sodium alumi- 
1ate. This is leached out and returned toe the Bayer 
process digestion to precipitate some silica (which 
has been leached out of the sinter) and produce 
Bayer grade alumina. Two large plants are com- 
mercially using this process successfully in Arkan- 
sas at present 

The Pederson process is primarily designed for 
high iron, low silica bauxites, like those found in 
southern Europe, but a modification of it has also 
been employed for material containing more silica 
It is based on the smelting of bauxite with lime- 
stone, either in an electric furnace or a blast fur- 


nace, so as to produce pig iron and a calcium 


aluminate slag. Some silicon goes into the pig iron, 
and the rest of the silica remains in the slag as cal- 
cium silicate or calcium aluminum suicate Under 
proper conditions this slag decrepitates into a fine 
powder, because of a change in the crystal struc- 
ture of the calcium silicate which occurs during the 
cooling of the slag The pow ae red slag is leached 
with sodium carbonate solution, the mud separated 
from the solution, the alumina precipitated from 
the latter with carbon dioxide, and the sodium car- 
bonate solution empl ved again to leach a new lot 
of slag. By careful control of the leaching and pre- 
cipitation processes, a good grade of aluminum ox- 
ide may be obtained, but its lica content is usu- 
ally higher than that of Bayer proce alumina 
Under Norwegian conditions of high fuel cost, 


cheap power and a high price for iron, the process 


is commercially successful. It has been reported 
that the Russians also employed it successfully at 
some of their plants during the war 

The so-called Dry process of producing alumina 
by electrothermal smelting of bauxite and reduc- 
tion of the impurities to form an alloy of iron, sili- 
con, aluminum and titanium, with a molten slag of 
substantially pure alumina, was intensively but un- 


successfully investigated by Charles Martin Hall in 
this country for a number of years before he died 
in 1914. It was further developed and improved by 
Alcoa in the early 1920's, and hundreds of thou- 
sands of pounds of alumina thus produced were 
converted into commercial metal. However, sub- 
sequent commercial operation at the plant of Alu- 
minum Co. of Canada in Arvida, Quebec, showed 
that certain minor impurities could not be satis- 
factorily eliminated from the alumina, and that the 
operating costs at the plant were greater than those 
of the Bayer process. It was, therefore, abandoned 
and a similar fate subsequently overtook the Hag- 
lund process. This differed from the Dry process 
in the addition of considerable amounts of pyrites 
to the furnace charge so that the slag contained 
aluminum sulphide as well as aluminum oxide 
This process was commercially operated for a time 
at a plant in Italy, but the product and costs are 
reported to have been unsatisfactory and the Hag- 
lund plant was replaced by a Bayer process plant 

A number of ingenious processes have been de- 
vised and tried in attempts to eliminate, in whole 
or in part, the expensive production of pure alumi- 
num oxide for the production of the metal. The 
direct electrothermal reduction of pure aluminum 
oxide is impractical because most or all of the alu- 
minum produced is volatilized at the high tem- 
perature required. However, it was early learned 
that in the presence of silicon, a large proportion of 
the alumina in an electric furnace charge could be 
recovered in the form of an aluminum alloy. Cop- 
per base alloys containing aluminum were com- 
mercially produced by this process and sold befor« 
the development of the present electrolytic alumi- 
num reduction process. Large amounts of ferro- 
aluminum-silicon alloys and aluminum-silicon al. 
loys have been made commercially by direct elec- 
trothermal reduction 

The ferro-aluminum-silicon alloys have been ex- 


t} 


I the deox- 


tensively produced abroad and sold for 
idation of steel. The direct smelting of a mix- 
ture of white kaolin (very low in iron oxide and 
titanium oxide) and alumina in Germany produced 
an aluminum-silicon alloy low enough in iron and 
titanium so that it could be made into an alumi- 
num-silicon casting alloy suitable for commercial 
use by dilution with several times its weight of 


The various steps in 
the refining of boux- 
ite to produce alu- 
mina are shown 
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covered hopper bottom 


Calcined alumina loaded into 


freight cars for delivery to the electrolytic reduction plant 


nu it the « 
eis bing 
e part of ti 
da eithne 
t ‘ t | - 
nta pet ol 
arith na t the 
‘ ‘ ‘ ‘ the 
‘ ‘ t {ft 
t 1 tita 
nur cor y direct 
ire ana elat ‘ t 
luce | ade etal fror ict 
tr pe at iid e- 
evelopme f a practica ce f ex- 
et the « trothermal a . 
) on Anis electrothe 
ave ‘ te ce It wa rig- 
that sitable a ry ht be pro- 
he hite bauxite 
} ‘ but it was found that 
n the bauxite 
| ese the " j te n the anode 
the | ‘ mpract 
tre bauxX te the D 
i w in bot? f these i 
‘ ary nt mina were 
‘ ima tre ‘ sit electro- 
1, etal. How- 
net 7 harged int the 
‘ furnace A ta ng eact et vola- 
, T? ind the osts made the process 
st fore orld ar Il, it was propose i to 
extract U aluminum fror electrotherma t 
juced aluminum-silicon all by the use of a molten 
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soluble 


aluminum was 


jurities were 


ar 
not completely insol Zinc, lead 
th equirement and extensive 
metals and this process, was Car- 
y during the wa They have 
i in tr count! and in France 
where 
expense and difficulties involved e 
recovering the lvent metal fron 
nanda from the. r cor 
entrat n aiu nul ob- 
n met there e two funda- 
hict Ke tf type cess 
first place, the fine crush of 
ext act the aiulT I t 
it ~t ta ir? cr 
t ts particl e, f al 
silicon except possibly the 
(f the market 
incertal ted, the ex- 
econa cost of - 
au the elect thermal é er with cneat 
akes the t pound of alu- 
nu — about th that of 
ind pure nu tre lla 
elect t proce Thu ini a good price can 
Dtained I tne ict cor i the 
ce 
A third type | ‘ the Subhalide proce 
le pe trie ta t tr t w I sift ai ed 
aiu nur nt t ntact with v 
ilu le fluoride at te it above 
about 1000°C (preferal at reduced pressures) a 
ve lerabie tior the uminum tri- 
ct e or fluoride educed to the monochloride 
about the meit nt aluminu por- 
tionate nto alur im and alu num trichloride 
r fluoride, whic! returned to the proces 
A great deal of w k has bee ione on this proces 
both here and abroad, but the relatively low con- 
centration of the monohalide producible in the 
vat under practical conditior the corrosive 
nature of the halide vat lifficulty in econom- 
cal ip} ng the necessa heat to the mate 
n the vacuur and mechar i lifficulti« n 
equipment have thus far preventé i the economical 
ise of this proces 
Future Developments 
No one can tell what improved processes 
future may have in store for u At the mon 
howeve there eems to be nothing n gnt wt 
appears more econon than the elect t 
duction of the aluminum oxide extracted fron 
Dauxite Fortunate the w Id has ver irge 
plies of th re t has recently been est ated t 
the French deposits st contain over a billion tor 
f bauxite and there are large deposits along 
the northern and southerr ho if the Medit 
anean S€a n North Afric South America, In 
and othe t lace It appeal that it w be a ! 
time before the indust s compelled to der 
upon lowe grade ores ich as cl from whicl 
extraction of alumina its obDV is e expeT 
Special circumstances such as war nm however, 
temporarily or locally change this condition 


metal in which the but the 
+ 
NA .. 


Recent Developments in Specialized 


Smelting Furnaces Underline Expanded Uses 


by C. C. Downie 


and residues oth than the familiar 
types have been 


\ J ARIOUS types of specialized furnaces for smelt- 
ing ores 


blast furnace and reverberatory 


leveloped in recent years. Rotary furnaces fired by 


solid fuel, gas, or oil have been more widely applied 
in the U. S. and in the continental countries than in 
the United Kingdom. The expansion of the use of 
electric hearths has tended to be somewhat slow for 
this particular purpose although these are increas- 
ingly utilized as the actual melting medium 

In handling the poorest grades of metalliferous 
waste materials, residues, and ashes, which formerly 
were discarded, the advent of a large scale rotary 
system by minimizing fuel costs and labor has made 
This 


relates to materials containing 1 or 2 pct copper, 


it possible to work these wastes economically 


zinc, and lead. Such material was formerly allowed 
to accumulate with clinker and rubble, and subse- 
itly dumped as worthless. By introducing 
lengthy inclined rotary kilns fired by solid fuel of 
grades, the raw material, coarsely 
ground and mixed with fuel and other additions, is 
continually fed in either moist, sludgy, or dry con- 
The mass the rotary kiln in a 
matter of 2 hr, and air for combustion enters in a 
‘tion opposite to that of the descending material. 
The zinc-oxide and lead-oxide gases from the 
other end of the kiln pass through a cooler, and de- 
z 


e of the layout, either a bag filter 


the cheapest 


traverses 


arrangement, following preliminary dust extraction, 


er. These oxides are reclaimed in 
nner, and the gases are moved through the 
plant by means of a fan placed behind the electric 
r or ahead of the bag filters. At the discharge 


end of the kiln an auxiliary furnace is situated. The 


flame from this is made to enter the reaction zone 
together with the reaction air when the necessity 
arises, and either pulverized coal, gas, or oil is used 


as the heating medium for this unit 
Outgoing gases dry the fresh charge in the upper 
kiln and raise it to approx 1000°C. Heat 
part directly from the gases by 

way of shifting surfaces, and partly 
by radiation. The kiln gases are very thoroughly 
utilized in preheating the charge by this double heat 
In the main zone the temperature is 1200°C 


part of thi 


enters the mass, in 


he continually 


transfer 
and the final exit gases are reduced to an average of 

and 600°C. Material of the sulphidic 
order < previous roasting to be 
worked up by this process, as long as there exists a 


between 300 


ioes not require 


This article wos previously published in The Mining Journal, 15 
Wilson St, Moorgote, London, EC2 (Feb. 25, 1955) Vol. 244, 
No. 6236, pp. 206 to 207 


sufficient amount of copper or other component hav- 
ing an affinity for sulphur. This system used at 
Krupp Grusonwerk, Magdeburg-Backau, is claimed 
to have recovered many thousands of tons of lead 
and zine oxides which formerly had been ignored 
The copper content is obtained in the form of a poor 
matte for disposal to regular copper smelters. 


Adaption to Steel Melting Practice 

For handling the more refractory classes of ores, 
other forms of rotary furnaces fired by gas or oil 
have been designed. Some of the large smelters have 
given attention to an arrangement normally in- 
tended for steel melting. This rotary hearth is pro- 
vided with a specially designed burner, which pro- 
duces an intensive flame suited to the drum form, 
atmosphere to be either 
oxidizing, reducing, or neutral. At the same time, 
this allows regulation of the heat input within 
fine limits, whereby even at high temperatures, ex- 
cessive or undesirable losses are avoided 

The sizes range from 220 to 33,000 lb and they are 
well suited for fluctuating supplies, and make for 
economical handling. A boiler plate shell lined in- 
side with a jointless coat of tamped refractory makes 
up the drum, which is carried on two pairs of rollers, 
one driven by electric motor over a wormshaft. 
As the burner end of the drum is in the form of a 
cone frustrum, it makes an almost air tight fit 
against the stationary burner unit 

The hinged charging door with the gas outlet is 
located at the other end of the drum. Gases pass 
over a swinging waste gas pipe which is bent into 
the air heater to conserve heat. The drum jacket 
also contains a smali door for removing slag and the 
tap hole spout. High temperature rotary hearths of 
this kind have been somewhat slowly accepted for 
smelting fluctuating consignments of refractory ores, 
but hold many advantages as the continual move- 
ment affords scope for fluxes to function more per- 
fectly. Used at Fulmina, Edingen, Mannheim, this 
enclosed type of drum hearth was made for heat 
economy 

For the calcining of chrome ores with dolomite, 
rotary hearths fired by pulverized coal, and operated 
at a fixed rate of rotation, are today claimed to com- 


pletely outclass the earlier multideck calciners, or 


and permits the furnace 


hand rabbied reverberatory hearths 


Uses of Small Muffles and Hearths 
The method of directly preparing nickel parts by 
sintering the powdered metal, is now well estab- 
lished under the category of powder metallurgy. The 
original system, introduced prior to the late war 
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ternal heating does not yield effective heat 


period showed the various advantages of sintering at ' heat 
ome 1200°C in molds! ibsequent press! - but has advantages = that no pipelunes 
ng, or roling are necessary At Durferrit, Frankfort, leakage wa: 
A reduction in volume of some 6U to 70 pet tane excluded using an improvised tub as the hearth, and 
place during the heating proce while the density adv tage take n of existing current 
! es from about 0.07 to 0.11 Ib per cu in of the The direct smelting of concentrates without the 
nal powder t& me 0.235 to 0.27 1b per cu lI of need for briquetting, where no fuel is available at 
i, Dut por ntered body in a matter of 2 hi the mine head, using electric furnaces, obviates the 
then pressi ‘tors i r u ntered tr nd ts of st ng to the smelter. Al- ‘ 
ther pre ng IOTRING rit ere ipie ana ol Uppine in Ss! 
body becom mplete homogeneous with spe- though proposed many years back, electric smelting 
fic weight of 0.318 lb per cu in. Tr ione with- has only enjoy fluctuating fortunes, but 
it forming and the proce briefi bviates different ramuif Wile design claim to 
the | tion of segregations and inclusions, the ad- have made son tallations. These are 
' { sulphur, etc., from gas It also fore- engaged to smelt copper silicate ores, other copper! 
. t eed I adding magne manganest und silver ore nickel and cobalt ores, and the re- 
, nick e feature uf the ng proce claiming of metallic vaiues in lags from ordinary 
Wt : t made ea wa the nickel fuel fired hearths, etc 
powa btained by thermal decomposition or nickel The shaft type furnace used by Electric Smelters 
Dor fficed as the raw material, a correspond- Inc.. Colorado, is water jack« tted on the bottom, with 
mat ‘ ild be acquired by electrorefining, as auto ic controls for the electrodes It operates in 
m the mewhat jituous method of conjunction with chambers for the expansion of the 
. u ithode heet necessitating gases, b« ies dust collecting devices to collect all 
ent remelting aluc n the fume Provisions are made for re- 
wi ff nt . f elect muffled furnace placing a burned out roof in a matte! of minutes 
1 for the fore ng work, a high graae without stopping the furnace, to facilitate contin- 
t nsu that actual yperation Capacity is not rated in tons pe! 
: ' e obtained with east heat, but per 24 hr. Current consumption approxt- 
es the use of a [| tary y con mates to 250 kw per ton of charge and produces ' 
‘ t Fe t , tA hict temperatures upwards of 3000°C. The main feature 
, t Ordinary ncn hromium to keep the hopper above the fu nace, and the fur- 
t ted ome Phe na ehamber full at all times, with intermuitt 
I lated in the wa e1ling tappir ‘ <lag and metal. What are normally re- 
ru ed muffle furna I R rded as infusible es containing from 1 to 2 oz o! 
Llect wit! at inter 1 pe ton with a littie copper art claimed to have 
. esist the rece ire Duit uy heen successfully handled. With this slag resistance 
cea Dit i ingement the charge Cor ens al y of the val At 
P muffle are «16x16 ir which mav be volatilized Tt eliminate bag- 
1 load KW, ang are a provided i é ther outside devices for reclaiming thes« 
. perature egulatior or ‘ values while the i exerts a strong refining action 
in. nnected 6 Kw \ tne f electri meiting hearth by Jens 
, yound on the inne irface of the Westly uses from to 6 electrode n smelting ore 
ncreased, and U : my ng copper pyrites, iron pyrite, and pyrrho- 
ted because the worr nt tite, and ntaining 28 pct silica, providing a ma 
the heat resicting materia to 40 pct copper 
‘ a. fie. Injury to th At Sulitjelma Copper Sulitjelma, Norway, one 
tad an the d that wher pened three electrode f the cont type, 
the | apted The mate | cor as a 
ir f 80 pet through which 
we y in the meltit na th would have nece and 
met ‘ matt 45 t lu Mar tre claims and 
the at phere \ eveloped bj t a little of the literature » electric smelting of 
= hmelze, H the ising alternative Gesigr do 
ow e hilea near to be istified 
The lengt , ft with an inter Last the melting of tungsten, platinum, and 
: ‘4 ' ta it of bw attains a ther hich melting point metals, which more relat 
The tw end t it t y practice ha benefited by elif con- 
wat ed ti i, ready t furnaces. These are directly 
a the nnects to the supp! ne where the crucibie 
pectior ed between contact heads and thereby nserted 
wees ' wate to the seconda cuit of the transformer. Thi 
‘ nel tr ted hw the 
Direct Electric Smelting he re unce and thus becomes heated by t 
\ ‘me caftnine of impure lead is usually un- passage of the current whereby temperatures © wi ' 
1 kettic where these t n be attained 
ivailable are the use of Hel be Munich, has four sizes of 3, 2 and 
fur? ved a :daptat Seve 1] heating tery whereby highest temperatures are 
tubes on the ie f imme n heat ‘ ib- equired, a carbon crucible s placed upside down 
ed th tut heat nt whict the ma hearth. Tt permits heat from all 
an 0« replaced during operatior without remov side : t serves as the resistance and is } rotected 
fron g by suitable coating 
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Some Studies of Al-Cu and AlI-Zr Solid State Bonding 


by Samuel Storchheim 


ORE and more attention is being paid to the 
bonding of metals in their solid states. For a 
better understanding of this technique for joining 
metals and how it is affected by changes in tempera- 
ture, pressure, and time at temperature and pres- 
sure, a detailed report concerning nickel to alumi- 
num bonding has been published.’ In order to 
broaden the knowledge accrued, some additional 
work concerning solid state joining of aluminum to 
copper and aluminum to zirconium was performed. 
The investigation of the Al-Cu system was con- 
siderably more extensive than the investigation of 
the Al-Zr system. For the Al-Cu system, not only 
were tensile sudies made but intermetallic pene- 
tration rate investigations also were carried out. The 
effect of temperature on intermetallic penetration 
rate for the Al-Cu system was determined at 11 tsi 
pressure, held 2 min. 
Procedure 

Apparatus: The hot pressing technique was the 
means of solid state reaction used and required the 
equipment depicted in Fig. 1. The following pro- 
cedure was involved: 

The two metals to be reacted were placed in an 
aquadag-lubricated 18-4-1 tool steel die, 16 in. high 
by 1.440 in. ID, between punches of 1.366 in. diam 
made of the same material. A thermocouple well 
was located in the die body 3% in. down from the 
top of the die, while another well was located cen- 
trally in the bottom punch 8% in. from the bottom of 
the die. This die assembly was located in three 
cylindrical ceramic heating furnaces placed in tan- 
dem. Each furnace was controlled individually by a 
Variac power transformer. In turn, the die and fur- 
naces were placed in a water-cooled stainless steel 
pot which could be evacuated. A cover, which con- 
tained a centrally located Wilson seal with an 18-4-1 
1 in. diam ram running through it, was bolted on the 
pot. After sealing, the pot was evacuated by a 
roughing pump to 200 microns pressure, after which 
a diffusion pump was used to bring the pressure 
down to 5 to 15 ww. At this pressure, the furnaces 
were turned on. As soon as they started to heat, 
out-gassing of the entire unit raised the pressure to 
30 to 400 zw» By the time the specimens were at 
temperature ready to be pressed, approximately % 
hr, the vacuum pumps had re-established the 5 to 
15 w pressure. Once the desired temperature was 
reached, the required pressure was applied for a 
predetermined length of time to the 1 in ram, 
through to the tup punch, and to the specimen. When 
the time for keeping the specimen under pressure 
had elapsed, the pressure was released, the energiz- 
ing coil current turned off, and the assembly allowed 
to cool. After cooling, the die was removed from the 
pot and the specimen was ejected 

Specimen Preparation: Two different types of 
specimens were made for this investigation. One 
was for subsequent tensile testing, while the other 
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Fig. 1—Apparotus required for hot pressing is shown sche- 
matically 


was for determination of intermetallic alloy zone 
penetration into the parent metals 

Tensile Bars—-Commercially rolled copper pieces 
44 in. thick or zirconium sheet pieces 1/32 in. thick 
and 1.366 in. diam were placed between commercial 
2-S aluminum rod 1 in. thick and 1.366 in. diam 
This sandwich in turn was slipped into a 2-S alumi- 
num sleeve 1.438 in. OD and 1.370 in. ID. This sleeve 
lined the couple up and prevented the aquadag lub- 
ricant from getting in between either the Al-Cu or 
Al-Zr interfaces. Immediately prior to the speci- 
men assembly, the copper or zirconium was abraded 
on the flat surfaces with 320 grit silicon carbide 
paper, producing clean smooth surfaces. The alumi- 
num was chemically cleaned just before assembly 


by: 1—degrease in acetone, 2—<distilled water rinse, 
3—immersion for 3 min in 5 pet NaOH at 70° to 
80°C, 4—distilled water rinse, 5—immersion for 2 


min in 50 pct HNO, solution at room temperature, 


6—distilled water rinse, and 7—drying in a blast 
of gas 

After the Al-Cu sandwiches were hot pressed and 
ejected, the specimens were machined such that the 
aluminum sleeve was and the remaining 
aluminum was then threaded; the bar so produced 
was tested later for tensile strength. In all the in- 
stances where Al-Cu couples were tested, the speci- 
mens broke during the test at the Cu-Al interface 
and never within the aluminum or copper. The ulti- 
mate tensile strength values at times showed con- 


removed 


siderable scatter for a set of given reaction condi- 
tions. Because of this, as many as three to five speci- 
mens were made for a particular set of conditions 
The trend of the average tensile strengths obtained 
was not as conclusive as was the trend of the maxi- 
trengths, the latter values being ob- 
There- 
tensile strength given 


mum tensile 

tained under optimum 
fore, the values of ultimate 
herein are maximums 
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and may be permanent 
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Fig. 2—Log of the coefficient of penetration is given as a 
function of the reciprocal of the absolute temperoture 
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Table | Tsi Pressure 


Al-Cu Penetration Constents ot 11 


Penetration 
inte Al 


Penetration 


Censtants inte Ce 


gra stom 26,000 13,600 
P.. sq per se 5.6x10-* 4.0x10- 


molybdenum strip, up through and to the deepest 
penetration of the Al-Cu intermetallic compounds 
formed. 

Al-Zr penetration measurements were not made 
However, one specimen was examined for the thick- 
ness developed of the intermetallic alloy that formed 
between the aluminum and zirconium 

Penetration Measurements and Methods of Calcu- 
lating Penetration Constants: After the Al-Cu as- 
sembly under study was hot pressed and ejected 
from the die, a quarter-pie-shaped section was cut 
from it, mounted, and measurements of 30 of the 
deepest penetrations into the aluminum and into the 
copper were determined microscopically. The meth- 
od for obtaining the penetrations has been described 
elsewhere.’ The penetration data were calculated 
from the following formulae 


P = X*/t [1] 
where X is the penetration in centimeters, t is time 
in seconds at temperature and under pressure, and P 
is the penetration coefficient in square centimeters 
per second 

P = Pe" 
InP = InP, —Q/RT [2] 


where P, is the temperature-dependent constant, Q 

the activation energy for penetration in calories 
per gram-atom, R is the universal gas constant, T is 
the absolute temperature of reaction, and InP, is the 
intercept on the In axis of InP vs 1/T curve 

The method of alloy zone growth measurements in 
the Al-Zr specimen was similar to that for the Al-Cu 
measurements. However, the total thickness of the 
zone was measured and not the penetration into 
either the aluminum or zirconium. For this case, X 
was the zone thickness in centimeters and P was the 
eaction rate constant for zone thickness growth in 


juare centimeters per second 


Results 

Intermetallic Penetration: Fig. 2 shows a plot of 
the log of the penetration coefficient P of Al-Cu in- 
ermetallics into beth the copper and the aluminum 
vs the reciprocal of the absolute temperature. These 
pecimens were reacted at 11 tsi pressure held for 2 
min in vacuo. The curve for the penetration into 
aluminum is indicated to be a relatively straight 
ne, while that for the penetration into the copper 
also appears to be a straight line with some scatter 
if the points about this line. As the temperature of 
reaction increases, it is seen that the penetration 


Fig. 5—Cu-Al 
couple reacted ot 
550°C ot 11 tsi 
for 2 min shows 
Cu-Al eutectic 
formation. The 
strength of this 
bond was low 
Area A is Cu-Al 
eutectic and 8B, 

aluminum X500 
Area reduced ap- 
prox. 35 pct 

for reproduction 
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Fig. 7—Al-Cu couple tensile strength is shown as a function of 
holding time at 11 tsi for two isotherms, 500° and 525°C 


rates into both the copper and aluminum are rapidly 
approaching each other with the inference that they 
will intersect at higher reaction temperatures. The 
penetration constants for this particular system un- 
der the conditions used are listed in Table I. The 
activation energy for the curve representing pene- 
tration into copper is almost twice as great as that of 
the curve representing penetration into aluminum 

It was always observed in the couples studied that 
two intermetallic zones were present; see Fig. 3. In 
the unetched condition, the copper-rich zone is ob- 
served to be darker than the aluminum-rich zone 
Fig. 4 is a higher magnification of the two zones which 
appear in the solid state bonding of Cu-Al under 
the conditions discussed. The eutectic in the Cu-Al 
system forms at 548°C. One couple was heated to 
550°C and the resulting microstructure is seen in 
Fig. 5. Observe that melting occurred and the eutec- 
tic formed. This couple exhibited practically no bond 
strength. 

As stated before, only one Al-Zr diffusion 
couple was reacted and this was at 20 tsi held 10 
min at 600°C. Only one intermetallic alloy zone was 
observed in this couple under the microscope. Pene- 
tration measurements were not made; however, a 
number of zone thickness measurements were made 
and the coefficient for rate of alloy zone formed was 
determined to be equal to 0.141x10° sq cm per sec 

Bond Strength: Al-Cu System—Fig. 6 is a plot of 
the ultimate tensile strength developed in reacted 
Al-Cu specimens at increasing temperatures for two 
pressures, namely 11 and 20 tsi held 4 min at pres- 
sure in vacuo. The indication is that at 11 tsi 
strength increases as temperature is increased. At 20 
tsi the same is true with the exception that addi- 
tional parts of the curve are generated, that is, 
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Fig. 8—AI-Cu tensile strength is given as a function of penetration 
inte aluminum. Penetrations were obtained by two different methods. 


strength increases, levels off, and then decreases. It 
is interesting to note that the increasing strength 
portion of the 20 tsi curve is displaced to lower tem- 
peratures compared with the 11 tsi curve, that is, the 
same tensile strength is developed at lower temper- 
atures for higher applied pressure. The 20 tsi curve 
indicates that the intermetallic alloy zones formed 
are of a brittle nature 

The effect of time at 11 tsi pressure on resultant 
Al-Cu bond strengths is depicted in Fig. 7 for the 
isotherms 500° and 525°C. In both cases, the indica- 
tion is that strength increases with time at pressure 
It also appears that the curves are steeply rising and 
then tend to level off. The strengths developed at 
500°C are higher for the same pressing conditions 
than those developed at 525°C 

From the penetration into aluminum data (see 
Fig. 2), it was possible to determine tensile strength 
as a function of penetration into aluminum for pene- 
trations obtained by either increasing reaction tem- 
peratures or varying lengths of time at one temper- 
ature and pressure. Fig. 8 shows the relationships 
obtained. The upper curve represents penetration 
into aluminum at 500°C held at 11 tsi for increasing 
lengths of time. 

The curve indicates slightly rising tensile strength 
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Fig. 9—Al-Zr tensile strength is developed os a function of 
increasing temperature for various isobors. Pressure wos held 
15 min in vocuo. 
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Fig. 11—Curves show Al-Zr tensile strength developed with 
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Fig. 12—Curve shows Al-Zr tensile strength developed with 
increasing time ot 11 tsi pressure at 600°C 


stances, with the exception of the 11 tsi points, 
strength rapidly declined with increasing reaction 
temperature, reached a minimum, and then rose. In 
addition, the curves were displaced downward from 
each other with decreasing pressure, that is, for the 
me temperature reaction condition, the tensile 
trength developed at higher pressures was always 
rreater than at the lower pressures. At 550°C for 15, 
20, and 25 tsi pressures, the tensile bars ruptured 
not at the Al-Zr interface but rather within the 
aluminum itself. This, of course, means that the 
Al-Zr bond strength developed was greater than 
that of the aluminum used. See Fig. 10 for a picture 
yf an as-pulled tensile bar exhibiting rupture within 
the aluminum 

The effect of pressure on resultant Al-Zr tensile 
trength is depicted in Fig. 11 for three isotherms 
575°, 600°, and 625°C. In all cases the curves show 
nereasing strength with increasing pressure. The 
curve for the 600°C isotherm is displaced downward 
from that of the 625°C curve, while the 575°C curve 
appears to cut across both of these curves 

Al-Zr tensile strength as a function of increasing 
time at 11 tsi pressure at 600°C is shown in Fig. 12 
Increasing strength with increasing time at the re- 
action conditions is indicated 


Conclusion 

Solid state bonding of aluminum to copper and 
aluminum to zirconium was studied as a function of 
temperature, pressure, and time at pressure. The 
results indicated that good bonds could be obtained 
between aluminum and copper at the temperatures 
investigated 

The excellent bond strengths attained between 
aluminum and zirconium indicate that the system 
bears further investigation. With this system, it is 
possible to develop bond strengths between the two 
metals which are greater than aluminum itself 
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Relation of Flake Formation in Steel to Hydrogen, 


Microstructure, and Stress 


The phenomenon of flake formation which may occur during cooling or room tem- 
perature aging of large steel sections is caused by a combination of hydrogen and stress. 


As such, the transformation characteristics of austenite in a particular section play a 
major role in the occurrence of flakes. Isothermal and continuous cooling studies dem- 
onstrated that flake formation is particularly sensitive to nature, distribution, and relative 
proportions of the microconstituents in the cooled sections. In the absence of transfor- 
mation stresses, abnormally high hydrogen contents could be tolerated without flaking. 
Flakes were not found in the absence of transformation stresses. No correlation existed 
between average hydrogen content and flake formation where cooling stresses were low. 


ESPITE a long history of laboratory and com- 
mercial investigations, the mechanics of hair- 
line crack or flake formation in large steel sections 


remains unresolved. Recent publications*’* empha- 
size that flaking is still a serious problem.* 

* As a necessar adjur this experimental investigation, the 
suthors completed a critical survey of the literature 


Flakes have been defined by the Alloy Steels 
Research Committee* as small cracks which have 
no essential association with segregates or nonme- 
tallic matter and whose distribution may or may 
not be related to the external shape of the section 
in which they form.+ This description was supple- 


In the authors’ opinior this definition may be unnecessarily 
restrictive if it red that differences in section size, hard 
enat and ng stresses er sintered forgings may change 
the relative magnitudes f the important stresses in such a way 
that the cracks might have considerable length 


mented by Sykes’ and Burton" with the criterion 
that flakes or hairline cracks usually occur in steel 
sections in which the macrostresses introduced by 
cooling are small. Many investigators have shown 
that flakes may be transcrystalline as well as in- 
tercrystalline and that flakes may occur both in 
ingots and forgings 

Of the many theories that have been advanced, 
only two are considered as plausible explanations 
of the mechanics of flaking and are defined briefly 
as follows 

1—The hydrogen pressure theory states that the 
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Hydrogen in the steel wos a necessary but not sufficient condition for flake formation. 


immediate cause of flaking is the pressure exerted 
by entrapped hydrogen gas that collects in small 
internal cavities or voids during cooling. When the 
temperature of steel is low enough to preclude ex- 
tensive plastic flow, the cavity pressures cause local 
brittle fractures (flakes) 

2—The microsegregation and transformation stress 
theory. According to this theory, flaking results 
from stresses arising from the volume changes a 
companying the formation of martensite and/or low 
temperature bainite after a large portion of the 
section has transformed at elevated temperatures 

The proponents of the hydrogen theory suggest 
that stresses from other sources may be additive to 
the stresses produced by hydrogen and may, in 
some cases, provide the increment of stress neces- 
sary to produce flake However, the critical as- 
pect of this theory is that no stress, except that 
produced by hydrogen pressure, is believed to be 
sufficient in itself to produce flakes. For practical 
considerations, this means that the only safe ther- 
mal cycle is one that reduces the hydrogen content 
to some low critical level below which flaking will 


not occur regardless of the state of transformation 
On the other hand, the transformation stress 
theory does not rule out the embrittling effect of 


hydrogen. This theory simply proposes that flaking 
does not occur in the absence of transformation 
stresses. With the transformation stre theory a 
a basis, commercial antiflaking cycles would be 
designed to complete the transformation of aus- 
tenite prior to cooling to ambient temperature 
Both of these theories appear compatible with 
industrial experience. Antiflaking cycles, such as 
cooling at extremely conservative rates or soaking 
for periods of time in the upper subcritical temper- 
ature ranges prior to cooling to ambient tempera- 
tures, may allow the following: 1—diffusion of 
hydrogen out of the section and, as a consequence, 
reduction of the hydrogen content to some safe 
minimum value (hydrogen pressure theory) and 
complete decomposition of the austenite at rela- 
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Table I. Thermal Cycles Investigated 


Type Treatment 
ge Austenitized 44 to 60 hr Quenched into salt bath 
ir hydrogen atm at at temperature of iso 
2050°F thermal! transformation 
and 


heid arior 5 


2 Austenitized 60 hr 
hydrogen atm at 
2050°F 


Austenitized 20 to 60 hr Quer lirectly into 
hydrogen or nitro- water and room tempera- 


ae atrn at 2050°F ture aged before section- 


ens ls diam by 2% in. long 
jrical spex ens 4 in. long 
: pec s diam by long 


for flake formation. In every case, flakes or cracks 
of any type were not observed until after the speci- 
mens had been aged at room temperature 

The presence of flakes was detected by standard 
metallographic polishing, by macroetching in a 30 
pct HCI solution or by electropolishing in an elec- 
trolyte consisting of a 25 pct saturated water solu- 
tion of LiNO, and 75 pct CH,OH. The electrolytic 
polishing procedure was particularly effective. Sec- 
tioning was accomplished with an abrasive cut-off 
machine wherein the specimen was submerged in 
water containing a cutting compound 

Hydrogen analyses, which were supplied by the 
Republic Steel Corp., were performed by the vacu- 
im fusion method. As a result of space limitations 
in the vacuum equipment, dimensions of the speci- 
mens were approximately “% in. sq by % in. long. 
Duplicate specimens tor the hydrogen analyses were 
taken along the center line of each of the large size 
specimens. In addition, several small specimens of 
the correct size for analysis were charged with hy- 
drogen for check purposes. In each case, less than 10 
min elapsed between the end of a particular thermal 
cycle and submersion of the specimens in liquid 
nitrogen. Specimens were stored in liquid nitrogen 
until placed in the analysis apparatus 


Results and Discussion 
Preliminary experiments were conducted to eval- 
uate the effect of hydrogen on the flake sensitivity of 
4340 steel. Specimens were austenitized in both nitro- 
gen and hydrogen atm and given thermal cycle No. 3 
of Table Il (direct quench). Sectioning and electro- 
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polishing revealed that the nitrogen-treated speci- 
mens were free of hairline cracks even after pro- 
longed aging at room temperature. In contrast, the 
hydrogen-treated specimens exhibited a network of 


Table Ill. Results of Austempering Ficke-Sensitized SAE 4340 
Specimens 


radially deployed cracks. The cracking of specimens Aus- ise- 1 
treated in a hydrogen atmosphere occurred only after ing Holding 
Tempera- Time, 
a time delay at room temperature. Photographs of ca 8 Min Bitevesteuctare 
representative sections of specimens are shown in 
Figs. 1 and 2. The hydrogen content of these water- go* . Martensite 5.4, 5.8, 5.6t Yes . 
tone 580° 1 Martensite Yes 
quenched specimens prev iously treated in a hydrogen 940° Yes 
atm varied from 5 to 6 cu cm H, per 100 g metal.* 640° 5 Martensite, bainite Yes 
640° Martensite, bainite 3.5.2.1 Yes 
nalysis and those sectioned 640° 10 Martensite, bainite Yes 
‘ hydrogen content, 5 to 6 cu 640° 20 Martensite, bainite Yes 
are consistent with these 640° 22 Bainite 3.1.2.5 No 
5 same way and should repre- te. t 
sent at least arr es f the amount ogen intro- J artensite inite No 
Th; 880° 25 Martensite, bainit 3.5, 2.5 No 
Thus, it appears that steel] may be made crack sensi- 890° 30 Seetaunaiin tnheiio No i 
tive by soaking in a hydrogen atm near 2000°F and 690° 0 Martensite, bainite No Ra 
11703 210 Martensite, ferrite, Yes 
that hydrogen in steel increases the propensity toward pear lite 
: 11703 2 Martensit t Y 
crack formation. This confirms the observations of pens te 
other investigators 1170% 300 Martensite, ferrite Yes a 
pear lite 
Isothermal Treatments: Experiments described in 11703 360 Martensite, ferrite Yes 
this section are concerned with correlation between 11702 420 a No - 
flake formation and the isothermal transformation 1170° os ferrite ves 
characteristics of austenite. Utilizing treatment No. 1170° 60 e, ferrite 3.6, 3.5 Yes Z 
1 of Table II, specimens of 4340 steel were iso- 1170° 120 atte No 
thermally transformed at 5 5 
thermal]; tran for ned at 580°, 640°, 860°, 880 93.85 No 
890°, and 1170°F for various periods of time. The t 
+} 1170° 300 No 
results of these isothermal studies are summarized in 
Table III 
In Table III note that all specimens austempered "eel 
in the lower bainite region (640°F) exhibited flak- °( , ‘ 
ylindrical specimens in. diam 
ing except those treated 22 min or longer. This 22 Small specimen correct size for analyses +! 
t Cwlindrical en 14 diar 
min treatment was sufficient to transform the aus- 2 tepid van ” 
tenite completely to bainite. At shorter times, where a 
the decomposition of austenite was incomplete above ature transformations appear necessary for flake 
M., all specimens flaked. Fig. 3 shows photographs formation, while average hydrogen contents are of ce 
of the specimens and micrographs of the correspond- doubtful significance 


ing structures. Observe in Fig. 3 that the structures On the other hand, previously described experi- 
of the flaked specimens consisted of bainite plus ments and published data have shown that hydrogen 
factor to be considered. To further 


martensite or martensite alone. Little difference in is an important 


average hydrogen contents existed between speci- evaluate the effect of hydrogen, the experiments in Ls 
mens held for 6 and 22 min. Nevertheless, the par- the lower bainite region (640°F) were duplicated % 
tially transformed specimen (6 min) was flaked in every detail except that austenitizing was accom- 
while the completely bainite specimen (22 min) was plished in a nitrogen atm. Although the microstruc- 
flake-free. Thus, stresses arising from low temper- tures were the same as the hydrogen-treated speci- 


c—Specimen was isothermolly tronsformed for 6 min. Note thet ¢—Specimen wos isothermally transformed for 22 min. Note the 
tlokes are randomly distributed absence of flakes 
Fig. 3—Floke patterns and microstructures of specimens of SAE 4340 are shown after isothermal transformation at 640°F for indicated 
times after austenitizing ot 2050°F in hydrogen atm. Flake pottern specimens were unetched. X!. Micrograph specimens were etched 
with 3 pct nitel. X200. Area reduced approximately 30 pct for reproduction. 
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o—Specimen was isothermally transformed for 2 min b—Specimen was isothermally transformed for 5 min 
| 


mens which flaked, no flakes were observed in speci- 
Table IV. Times Required to Reduce Hydrogen Content From oa 


er te ead in nitroger Ba | these pre- 
experiments, both transf tion stresse Uniform Distribution at Specimen Center 
and hydrogen appeser essential for flake formation 


Time te Reach 


Transformation: Flaking experiments in the pearl- 


te range yielded precisely anailogou resuits to Diam, In Center, Hr 
those in the lower bainite region. The minimur 
time required to complete the transformation of aus- i I 
tenite at 1170°F for 1% in. diam specimens was the 10 z 7 
ame as the time prevention of! flake formation 
ee Fig. 4 and Table HI. The microstructure f the 
flaked spec cor ted of va ng proj tions of 
mart te te, and proeutectoid ferrite. The ing, unique correlation between the average hydro- 
mis icture of the flake-free specimen was pearl- gen content of specimens with mixed structures and 
: te and wutectoid ferrite. Once again, elimination flake formation would not necessarily be expected 
f transformation stress n cooling prevented flake The influence of the original hydrogen content of 
formatior the steel section is self-evident. The degree of hydro- 
The results of the isothermal studies are vividly gen enrichment of the remaining austenite could be 
immarized in Fig. 5, where photographs of the a potent factor. However, this observation may be 
pecimens are shown at appropriate positions on the more apparent than real, for the degree of trans- 
'TT diagram for 4340 austenitized at 2050°F in a formation above M, would also influence the magni- 
4 hyd t Note in Fig. 5 that for both series of tude and distribution of the transformation stresses 
: experiment othermal decomposition in the lower arising during low temperature decomposition of 
7 bainite and in the pearlite regior two types of austenite. In addition, the rapid diffusion of hydro- 
ackir irred. For treatments where relatively gen coupled with the incubation period associated 
volumes of martensite were present on cool- with flake formation appears to relegate the role of 
t om temperature yuench type or radial enrichment to one of secondary importance. In other 
r was observed. Randomly distributed cracks, words, unless fakes formed within an extremely 
wh e genera cor lered as true flake did short period of time, any hydrogen enrichment 
ta intil appreciable amount f austenite would have vanished by the time flakes formed. 
had tra ed at the austempering temperature Sykes et al.” made this point with diffusion calcula- 
Thus, the e of wcking correlates with the state tions. Sykes concluded that, if an original austenite 
ft f tion, ie., the degree of transformation grain of 1 mm diam is assumed, any variation in 
Ml concentration across the grain would be reduced to 
\ portant factor to be considered when evalu- a negligible value in a period of 10 sec. However, 
effect of the degree of transformation normal incubation periods for flaking are far in ex- 
it M. or ick formation the tendency of hy- cess of the time required for homogeneous distribu- 
| ir n to diffuse out of the transformation products tion of dissolved hydrogen 
[ formed | lecomposition of austenite above M, and The stress pattern induced by the distribution, 
nto the rer ning austenite,” as well a it of the amount, and nature of the microconstituents is of 
‘ I would « h the remaining auster prime importance. This has been emphasized by the 
te in hyd en. Suct hed volumes would, of fact that complete transformation above M,, with the 
e, be more isceptible to flaking when they concomitant elimination of transformation stresses 
t formed to martensite. On this line of reason- on subsequent cooling, did prevent flaking. Fur- 
o— Specimen was isothermally transformed for 210 min 
\ 


c— Specimen was rsothermally transformed tor 360 min d—Specimen was ssothermally transformed for 420 min 


Fig. 4—Flake potterns ond microstructures of specimens ‘144 in. diam) of SAE 4340 resulted from isothermal transformation ot 1170°F for 
times indicoted efter custenitizing ot 2050°F in hydrogen atm. Specimens in mocrographs were unetched. X1. Specimens in micrographs 
were etched with 3 pct witel, X300. Aree reduced approximately 35 pct for reproduction 
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Pa 


Fig. 5—Flake formation and hydrogen 


content were correlated with transtorma- 
tion choracteristics of austenite for 4340 
steel austenitized in a hydrocen otm. As- 


received hydrogen content was 1.1 cu cm 
per 100g 


ther evidence was apparent in the behavior of the 
specimen isothermally treated 420 min for comple- 
tion of the transformation to pearlite (see Fig. 4 and 
Table III). In this particular case, a zone approxi- 
mately % in. deep from the surface of the specimen 
was decarburized. Therefore, completion of the 
pearlite reaction in this decarburized zone was shifted 
to longer times and the zone exhibited a microstruc- 
ture similar to the specimen containing randomly 
distributed flakes, Fig. 4, 360 min treatment. Flakes 
were observed in the decarburized zone, Fig. 6, while 
the rest of the piece, completely transformed above 
M.. was flake-free. Significantly, higher hydrogen 
contents must have been present in the flake-free 
area than in the flaked decarburized zone at the sur- 
face. On the other hand, transformation stresses re- 
sulting from martensite formation were present in 
the decarburized zone and must be considered the 
major factor contributing to the incidence of flaking 

In every case where the transformation of the 
austenite was complete above M.,, flakes did not 
form regardless of the hydrogen content. This was 
demonstrated emphatically by the partially decar- 
burized specimen. Thus, hydrogen appears to sensi- 
tize steel to brittle behavior. Hydrogen is assumed 
to sensitize the steel to brittle behavior in relation 
to the amount present. As in any brittle material, 
there must be an application of stress to cause failure 

In cases where little or no transformation of aus- 
tenite occurred during austempering, cooling stresses 
as well as transformation stresses apparently ma) 
contribute to the initiation of cracks. The quench 
type and radial crack patterns seen in Figs. 2, 4, and 
5 probably resulted from macrostresses induced by 
cooling and transformations. Conceivably a stress 
pattern could exist that would cause such cracks to 
propagate to the surface of the specimens or even be 
initiated at the surface. In these instances, the cracks 
would be identified as quench cracks. On this basis 
it may be concluded that there is little fundamental 
difference between flakes and so-called quench 
cracks, the difference being primarily one of the 
nature of the stress pattern. On the other hand, the 
role played by hydrogen in producing sensitivity to 
embrittlement cannot be ignored. Conditions of flak- 
ing can be visualized in which the hydrogen contents 
may be high (severe embrittlement) and the stress 
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low or the reverse situation where hydrogen con- 
tents are relatively low (slight embrittlement) and 
the stress exceedingly high. Likewise, the embrittle- 
ment and stress pattern could be such that cracking 
would not occu! 

The results on austempering 1% in. diam speci- 
mens at the pearlite nose (1170°F) provide informa- 
tion on the effect of specimen size. Only those speci- 
mens austempered for times of 60 min or less ex- 
hibited cracks. The cracks were similar to the 
quench cracks noted in Figs. 2, 4, and 5. At reaction 
times in excess of 60 min where no cracks were 
noted. the microstructures were the same as in flaked 
134 in. diam specimens. In large sections, hydrogen 
loss by evolution is less 

Svkes et al.” considered the effect of section size 
on hydrogen evolution. It was shown that at 1200°F 
the diffusion rate of hydrogen in a iron required the 
times given in Table IV to reduce the hydrogen con- 


Fig. 6—Micrograph shows floke in decorburized zone of 4340 
specimen isothermolly transformed ot 1200°F for 420 min 
The remainder of the specimen was completely transformed 
to ferrite and pearlite and wos floke-free; see Fig. 4. Speci 
men wos etched with 3 pct nitol. X300. Area reduced ap- 
proximately 35 pct for reproduction 
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o—!' in. diam specimen wos isothermally transformed for 5 min 


b—1'4 in. diam specimen was isothermally transformed for 15 min. 


Fig. 7—Flake patterns and microstructures of specimens of SAE 
5145 ore shcwn after isothermal transformation at 1200°F for in- 
dicoted times after austenitizing ot 2050°F in hydrogen atm 
Specimens in mocrographs were unetched. X1. Specimens in mi 
crographs were etched with 3 pct nital. X300. Area reduced ap 
proximotely 35 pct for reproduction 


c—1% in. diam specimen wos isothermally transformed for 16 min 


4 


c—Specimen was isothermolly transformed for 240 min d—Specimen was isothermally transformed for 300 min. 


Fig 8—Flake potterns ond microstructures of specimens of SAE 2340 are shown ofter isothermal transformation at 1000°F for times in- 
dicated after austenitizing ot 2050°F in hydrogen atm. Specimens in mocrographs were unetched. X1. Specimens in micrographs were 
etched with 3 pet nitel. X300. Area reduced approximotely 30 pct for reproduction 


te fron iniform distribution of 8 to 1 cu cm pert in. diam specimens treated in the pearlite range, the 
100 th ente f lrical specimens absence of flaking in specimens treated in the upper 
‘ ‘ IV indicate a square relation bainite region is attributed to the possibility that the 
‘ ection diameter and time for hydrogen re- magnitude of the residual stresses introduced by 
iron. Tt mn approximate agreement transformation anc cooling did not exceed the frac- 
vith the recent results of Demarez et al.“ who treated ture strength of the hydrogen-embrittled material 
he « ition of hydrogen from steel cylinders as a This phase of the flaking problem will be studied 
f norma! diffusion processes. From further 
sv ke alculations, an increase ir ecimen diam- Specimens of 5145 and 2340 err also were 
eter t , in. would increase the time for hydrogen treated according to thermal cycle 1 of Table II and 
‘ 11 approximately twofold. Thus, flakes did not isothermally transformed in the region of the pear]- 
the 1% in. diam specimen because of the de- ite nose of their respective S-curves.* The results 
reas embr ttlen ent which accompanied the hy- ana 
ve oss by evolution 
Specimen size also appeared to influence the flak- are summarized in Table V and photographs and 
g of specimens treated the upper bainite region crographs of the specimens are shown in Figs. 7 . 
(Re 80 and 890°F). No flakes were observed and 8 
(see Fig. 5 and Table III) when only partial trans- The data on isothermal transformation of 5145 
stion of the austenite (40 to 50 pct) to upper and 2340 steels in the pearlite range are in complete 


hainite occurred. In the same manner as for the 1% agreement with those obtained for 4340. Thus, the 
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ha 
is 
u—Specimen wos isothermally transformed for 30 min b—Specimen was isothermally transformed for 180 min 
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> My, 
Fig. %—Micrographs, macro- x 
graph, and graph show structure 
and hardness distribution for 6 Sec 4B ce 
end-quenched bor of SAE 2340 
sectioned after aging | month ® 
at room temperature. Structures 60 
A through E are keyed to points = 
on the graph. Note numerous 
hoirline crocks im area XY of 50 no 
the mocrograph. Macrograph \ 
specimen was unetched. XI. z L© © 
Micrograph specimens were ee 
etched with 3 pct nitel. X200 \ 
Area reduced approximately 35 
pct for reproduction. » 30 
#20 | 3 
SAE 2340 AUSTENITIZED 6OHR 
2000°F, HYOROGEN ATMOSPHERE 
S10 
« 
° 
2 3 a 
OISTANCE FROM QUENCHED END IN INCHES 
y 
I one 
Fig. 10—Micrographs, macro- \ ‘ 
graph, and graph show structure a= = 
and hardness distribution for 
end-quenched bor of SAE 3140 
sectioned after aging 7 days ot 
room temperoture. Structures A 
through F are keyed to points on 60r- 
the graph. Note the hairline ) 
crock in microstructure C. Note: o me 
There were numerous fine hair- g50 
line crocks im orea XY of the \ 
macrograph in addition to those 8.0 .% ©) 
visible Macrograph specimen = | 
wos unetched. X1. Micrograph ® 
specimens were etched with 3 a) “a a 
pet nitol. X200. Area reduced 
approximately 35 pct for repro- 4 
duction. w j 
x AE 3140 AUSTENITIZED 66HRS 
° 0 2000° F, HYDROGEN ATMOSPHERE 
° 
2 3 a 
DISTANCE FROM QUENCHED END IN INCHES 


previous correlations may be extended to steels of 
different hardenability and austempering character- 
istics. Elimination of transformation stresses prior to 
cooling prevented flaking in 5145 even though high 
hydrogen contents were still present. The effect of 
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specimen size was evident in the behavior of 2340 
The long austempering times required for comple- 
tion of the pearlite reaction in 2340 resulted in re- 
duced hydrogen contents by evolution. As a result, 
flake formation did not occur at extremely long iso- 
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Fig 1} 
wos etched with 3 pct nitol 


Micrographs of heirlime crocks were token im the area of larger cracks (Fig. 10) in end-quenched SAE 3140 specimen. Specimen 


X200. Area reduced approximately 45 pct for reproduction 


x y 
| 
f 
oom ey 
~ 
[© 
“ (D) 
= A: 
Ww, 
3°? + + + 
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Table V. Results of Austempering Fioke-Sensitized 5145 and 


2340 Specimens 
Nydre 
Nestem gen 
pering thermal ( entent 
lem Nelding ce Flakes 
peratere Time Cm Per Pres 
Stee Min Micrestrectere G ent 
Ve 
‘ Ye 
‘ 
Ye 
‘ Ve 
‘ Yes 
Yes 
‘ Yes 
M te Yes 
+ Marte N 
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Fig. 12—Micrographs, macro- 
graph, and graph show structure 
ond hardness distribution for 
end-quenched bear of SAE 4140 
sectioned after aging | month at 
room temperoture. Structures A 
through E are keyed to points on 
the graph. Note the crocks in 
micrographs C and D. Note 
there were numerous fine hair- 
lime crocks in area XY of the 
mocrograph in addition to those 
visible Macrograph specimen 
was unetched. XI. Micrograph 
specimens were etched with 3 
pet nitol, X200. Area reduced 
approximately 35 pct for repro- 
duction 


thermal holding times. Again transformation stresses 
appear essential, while hydrogen in the steel seems 
to be a necessary but not sufficient condition 

The higher austenitizing temperature (2050°F) 
necessary to obtain relatively high hydrogen con- 
tents resulted in comparatively large grain sized 
material. As a consequence, the pearlite reaction was 
shifted to longer times. This will account for discrep- 


ancies between the transformation characteristics in 


the pearlite region of the steels in these experiments 
when compared with those in the literature 
Continuous Cooling Studies: Mixed structures also 
nay be produced in steel by varying the continuous 
cooling conditions from the austenitizing tempera- 
ture. The well known end-quench hardenability test 
ncorporates many cooling conditions into one speci- 


uicrostructures along 


nen and results in varying n 
the length of the test bar. Thus, the end quenching 
if specimens provides a critical method of extending 
the behavior of flake formation observed in the iso- 
thermal studies to the commercially more pertinent 
lition of continuous cooling. A total of five steels of 
arying hardenability were tested by end quenching 


2340, 3140, 4140, 4340, and 5145. The heat treatment 
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fie 
Fig. 13—Microgrophs, macro- 
graph, and graph show structure : 
end hardness distribution for 
end-quenched ber of SAE 4340 
sectioned after aging | month @) B | 
ot room temperoture. Structures a5 
A through E are keyed to points 
on the graph. Note thet no 
macro of microscopic crocks 4 ©) 
were found along the length of w ‘N21 
the piece shown in the mocro- 4 ~ ©) 
was unetched. Micrograph = 
specimens were etched with 3 » we 
pet nital. X200. Area reduced 
approximotely 35 pct for repro- a | 
duction = 20 + 
SAE 4340 AUSTENITIZED 60 HRS 
: 2000*F, HYDROGEN ATMOSPHERE 
2 
° 2 3 
DISTANCE FROM QUENCHED END IN INCHES 
| 6 6cc 7 3cc 53 = 
64cc 65cc 73cc| 63cc 
\ \ 
graph, and graph show structure 
and hardness distribution for 
end-quenched bar of SAE 5145 . 
sectioned after aging | month ot i 
room temperature. Structures A 
through E are keyed to points 60 A 
on the graph. Note the cracks i 6) —— 
in structures A, C, and D. The ~ 
hydrogen contents indicated for 50 + 
the macrograph are given in cu 
cm per 100 g. Macrograph speci- « NX 
men wos unetched. X1. Micro- = 40 *~ 
graph specimens were etched 
with 3 pct nitol. X200. Area © 
reduced approximately 35 pct = 
for reproduction = | 
= 20 
SAE 5I45 AUSTENITIZED 60HRS 
a 2000°F, HYDROGEN ATMOSPHERE 
10 
| 


0 2 3 
DISTANCE FROM QUENCHED END IN INCHES Payee 


for hydrogen introduction and the specimen size are the austenite above M, were free of flakes. The 
listed in Table Il. Hardness traverses and micro- microstructures consisted of bainite plus ferrite,i - 
graphs were taken along the central axis of the bars t Essentia earlite baerved the 1-quenched bars 7 
These data are depicted in Figs. 9, 10, and 12 through By 
14. Additional micrographs of flaking in the 3140 from the high temperature austenitizing treatment 2, 
bar are shown in Fig. 11 e.g., position E for both 4140 and 5145. Flakes did a 
The microstructures and distribution patterns of not form in the absence of transformation stresses a 
flakes correlate well in all five end-quenched bars Those areas in which flakes did appear invariably a 
In every case, regions of complete transformation of consisted of duplex structures of bainite plus mar- a 
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Fig. 15—Herdness 
curves for five 
steels compare po- 
sitions of fiokes. 
Positions of stort 
and end of flicking 
are noted by arrows. 
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Summary and Conclusions 
n of flake forn n which may 


mer 
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aging of 


steel sections is believed to result from a combina- 
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Table Vi. Hydrogen Anal: 


Specimer 
Lecatien. 


nsite 
Ferrite 
Ferrite 
Ferrite 
Ferrite 


VQ 


* Average of two values plotted in Fig. 9 for 2340 


tion of hydrogen and stress. Hydrogen is believed to 
sensitize the steel to brittle behavior. As a result, the 
stress pattern in a section plays a major role in the 
occurrence of flakes. The stress pattern is particu- 
larly sensitive to the state of transformation of aus- 
tenite, i.e., the nature, distribution, and proportions 
of the microconstituents. Thus, the transformation 
characteristics of austenite are of primary impor- 
tance 

The data obtained on isothermally treated and/or 
continuously cooled specimens of low alloy steel in- 
dicated the following: 

l1—Hydrogen in the steel is necessary for flake 
formation 

2—Transformation stresses must be present. Flak- 
ing does not occur if the decomposition of austenite 
is completed above M, prior to cooling to room tem- 
perature 

3—Under appropriate conditions abnormally high 
hydrogen contents may be tolerated without flaking. 

4—The greatest tendency for flake formation ex- 
ists in mixed structures containing relatively small 
amounts of martensite 

5—-There is no correlation between flake forma- 
tion in such mixed structures (with small amounts 
of martensite) and the average hydrogen contents 

6—Predominately martensitic structures exhibit 
radial or quench type cracks which bear a relation- 
ship to specimen geometry. Cooling stresses un- 
doubtedly play an important role along with stresses 
from transformations and average hydrogen content 

It appears that flakes do not form in the absence 
of transformation stresses and that flake formation, 
at least where cooling stresses are low, probably 
cannot be correlated with the average hydrogen con- 
tent of the section if these average hydrogen con- 
tents are not excessively high 
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EE ses ct Vorious Positions Along Axis of 
60} : End-Quenched Bars of 2340 and 5145 Steels 
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Activity of Sulphur in Liquid Fe-Ni Alloys 


Equilibrium in the reaction H, (g) + S = H,S (g) was studied at 1600°C for 


sulphur dissolved in Fe-Ni alloys of 0 to 100 pct Ni. Within experimental accuracy, 
the equilibrium ratio p, /p, (pct S$] is independent of the Fe-Ni ratio. Its variation 
with sulphur content is the same in nickel and the alloys as in iron. Recent data on 
dissociation of S, into atomic sulphur are used to apply a small correction to earlier 
equilibrium data. Equations are presented which define the thermodynamic prop- 


erties of sulphur in liquid Fe-Ni alloys. 


CTIVITY of sulphur in liquid iron was deter- 
mined by Sherman, Elvander, and Chipman. 
The effects of a number of alloying elements on the 
activity of sulphur also have been determined, that 
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of silicon by Morris and Williams,’ that of carbon by 
Morris and Buehl,” and the effects of manganese, 
phosphorus, and aluminum by Sherman and Chip- 
man.‘ The data of Rosenqvist and Cox" have been 
used to establish the effect of copper. A summary of 


all of these data is included in the paper by Sherman 
and Chipman. In each case, the experimental method 
depended upon the study of equilibruim in the re- 


action of sulphur in the liquid metal with hydrogen 
gas to form H,S. Despite wide differences in the de- 
sign of apparatus used by the several investigators, 


all of the results are in excellent agreement 


Experimental Study 
Since the experimental method has already been 
described,’ it will be sufficient to mention its general 
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Table |. Equilibrium in the Reection of H, with Dissolved Sulphur 
at 1600°C 
Selpher Pet pu,) 
Ree Time Or Cor 
Ne Pet Charged Final ir served reeted [Pet 5] 
9 ‘ 2.58 
2 74 256 
2 2 2 58 
24 272 i2 af 
2 2 ‘ 2 
a ‘ 214 20 258 
‘ 2 2 
250 ‘ 49 2 
2 2 24 ne 64 2.57 
e + 2 58 
' 2 7 259 
2 ‘ 258 
2 2 66 2 
24 2 
6 2.6 
2 2 264 
, ‘ 412 259 
258 
‘22 414 2 
2 7 2“ 238 24 
‘ ‘ 2 2 2.7 
‘ 2067 
‘ 27 ‘ 264 
‘ 2¢ 269 
2 66 
‘ “ 
‘ ‘ harge of about 120 g was held 
i prenheated strean | gas 
mt ed mixture hydrogen sui- 
‘ ul The H,-HS mixture 
‘ and position deter- 
e and a eac The flow of mix- 
ed at 1200 cu cm and that of argon 
4 
" } ev ted in hydrogen and the sul- 
SI , hide to the ter 
Atte he epared i xture was ad- 
tt t ace and e flow wa ntinued for 
he a ied Table 
. ‘ ‘ ¢ ed ict ising a silica 
she D he te erature was con- 
‘ sent and adjustment 
it. li ‘ maximu leviatior 
i The elation be- 
‘ ‘ ; true ¢t erat was found 
eT at th and pman,* 
vere le ir experimental 
Phe t elects c iron 
‘ ‘ efere te peratures 
, Ey fT has bee ade to esti- 
te hye ‘ eact f seve al ce 
t? enient ‘ essed as a deviation in 
ecified t ire S é the equilib- 
tant not lependent upon tempera- 
lue toa temperature is 
eater opport When a mix- 
ture f HS and H tored in a tee tank, the 
lox ‘ air onstant Eft; te ty 
preve t react | the } with the nneé surface of 
the tank | care ‘ ind d g failed to 
emedy the situation. Ir ediate after every run 
the ‘ the va xture Wal analyzed and this 
at was used in the tabulated dat The dissocia- 
tion of HS into H,, S,, and hur requires a correc- 
tion and data are avaiiabie f tr nose The 
actual calculations w howrT na rte section 
It is sufficient to note here that, while the errors due 
to this correction are negligible, the overall error in 
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gas composition may be of the order of 2 pct of the 
recorded ratio. This is equivalent to 0.01 in log K. 
The possibility of some error from thermal diffusion 
in the gas stream must be recognized, but the good 
agreement obtained by the present method with re- 
sults of Morris and coworkers, using a method which 
is not susceptible to this error, leads to the belief 
that any error from this source must be small. 

Errors in metal analysis are due principally to 
segregation in the small samples obtained rather 
than to analytical procedures. Differences as great 
as 10 pet were observed in the sulphur content of 
parts taken from the same sample, the segregation 
being greatest in samples having visible porosity or 
The errors involved were minimized by using 
smaller tubes for the high sulphur samples and by 
analysis of the entire sample. Analyses of low nickel 
samples were done by evolution and absorption in 
ascarite. For the higher nickel samples, combustion 
or gravimetric methods were used. The overall 
errors of sampling and analysis are estimated to be 
of the order of 5 pct or 0.02 in log K. 

There is an additional error due to uncertainty in 
the attainment of equilibrium. The transfer of sul- 
phur to or from the bath is very slow, not because 
the reaction at the interface is inherently slow, but 
because of the very low sulphur-carrying capacity 
of the gas stream. For practical purposes, equilib- 
rium has been reached when the difference between 
the actual sulphur content of the metal and the true 
equilibrium value is less than the error of the analy- 
sis. With the very low sulphur concentration of the 
gas mixtures employed, it was estimated that, if the 
initial sulphur content differed from the equilibrium 
value by 10 pct, the time required to reduce this 
difference to less than 2 pct would be about 7 hr 
Under such circumstances, the equilibrium condition 
cannot be firmly established unless this ap- 
proached from both sides, and this was done through- 
out the investigation. Considering all of the sources 
of error, it appears that the uncertainties are of the 
order of +10 pet, +0.04 in log K 

Correction for Dissociation of H.,S: At high tem- 
peratures H.S dissociates into H, and S,, and the free 
energy’ and equilibrium constant are as follows 


pipe 


is 


or 


H.S (g) = H.(g) + %S.(g) 
AF 21,680 — 11.81T [1] 
K pa, pu 
log K 4,.740/T + 2.58 


from which the value of K at 1600°C is 1.12. S, dis- 
sociates further into sulphur and the free energy of 
this reaction has been uncertain until very recently 
The experiments of St. Pierre and Chipman’ at 
1550°C have fixed the free energy as +33 kcal per 
mol of S, and AH 83 kcal. From these data 
the following equations are derived, which are ade- 
quate for the range 1400° to 2000°C 


as 


S.(2) 2S(2) 
aF° = 86,500 — 29.20T (2 
K Pp Ps 
log K 18.900/T + 6.38 
from which the value of K at 1600°C is 1.95 «10° 
In a typical case in which psx 0.6 atm and 


De 5.010", the correction for dissociation 
to S, is —2.0 pet while that for the further dissocia- 
t to sulphur is —2.7 pet. Thus the corrected ratio 


In the earlier studies of this reaction, the correc- 
for dissociation to atomic sulphur was un- 


pe, is 4.7 pct lower, or 4.76 10° 
tion 
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known and neglected. It can now be applied to the 
results of Sherman, Elvander, and Chipman.’ In 
their experiments the partial pressure of H, was 
approximately constant at 0.5 atm and the observed 
pressure of H.S was corrected for its dissociation 
into S,. The additional correction to be applied is 
that for the dissociation into atomic sulphur for 
which K Pu,ps/pas. With a constant pressure of 
H,, the ratio ps«/pu. is constant for a given tempera- 
ture and the fractional correction to be applied may 
be expressed as a constant addition to log K. Values 
of the correction term to be applied to log K at each 
temperature are: 0.008 at 1540°C, —0.013 at 
1600°C, —0.022 at 1650°C, and —0.040 at 1727°C. 
These corrections are insignificant for any practical 
purposes but are applied to the data to make them 
strictly comparable. With these corrections, the data 
of Sherman, Elvander, and Chipman give the equa- 
tions 
H.(g) + S = H.S(g) 
log K 1420/T 1.83 [3] 
AF +6500 + 8.3T 


and 


% S. (g) 
AF 28,180 + 3.44T. [4] 


The new corrections do not alter the reported 
values of the activity coefficient of sulphur in the 
binary and multicomponent systems that have been 
studied. In Fe-S alloys at 1600°C, this is given by 
the equation 

log f. —0.028 [pct S]. [5] 


Discussion of Results 

All of the data are plotted in Fig. 1. Each symbol 
is accompanied by a dot which indicates the direc- 
tion from which equilibrium was approached. The 
original data of Sherman, Elvander, and Chipman at 
1600°C are represented by line A. When corrected 
for dissociation of H,S to form atomic sulphur, this 
becomes line B. The dashed lines are spaced 0.08 
log K units apart to represent the estimated errors 
of +0.04. Nearly all of the new data fall within these 
limits and the agreement is as good for nickel and 
for Fe-Ni alloys as for iron. 

It is concluded therefore that, within the recog- 
nizable limits of experimental error, 1—the data of 
Sherman, Elvander, and Chipman are confirmed 
and 2—the equilibrium in the reaction of hydrogen 
with dissolved sulphur is the same in liquid nickel 
and in Fe-Ni alloys as in liquid iron. The standard 
free energy of sulphur in the solution is constant 
over the range 0 to 100 pct Ni, the activity being 
taken equal to weight percent in the infinitely dilute 
solution. Moreover, the activity coefficient has the 
same dependence on sulphur concentration at any 
nickel content. It is highly probable that the en- 
tropy change is also independent of the Fe-Ni ratio, 
and hence that the heat of reaction is also inde- 
pendent. It follows that Eqs. 3, 4, and 5 represent 
the properties of dissolved sulphur in any liquid 
Fe-Ni alloy at 1600°C. If the slight change in activ- 
ity coefficient with temperature is ignored, the equa- 
tions may be employed over the entire range of in- 
terest in the metallurgy of liquid iron, steel, and 
nickel 

In the refining of nickel and Ni-Fe alloys, the 
chemical behavior of sulphur in the liquid base 
metal is the same as in liquid iron or low carbon 
steel. Differences in regard to desulphurization prac- 
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-2.5 


SULFUR, PERCENT 


Fig. 1—Graph shows equilibrium ratio K’ —————— in liquid 
pu, [Pet 


Fe-Ni alloys at 1600°C 


tice may stem from several sources. The sulphur 
content of nickel is generally held to lower levels 
than that of steel, and the slags used in refining may 
differ greatly. It is interesting to examine briefly 
the differences to be expected in the relative effects 
of other alloying elements and desulphurizers 

There are a number of metals, typified by man- 
ganese, chromium, and cobalt, which show no spe- 
cific reactions in the liquid state with either iron 
or nickel and which are presumed to form nearly 
ideal solutions in either. The effect which such an 
element exerts upon sulphur is likely to be very 
much the same in liquid nickel as in liquid iron. On 
the other hand, carbon, oxygen, aluminum, and 
silicon behave rather differently in iron and nickel, 
and their specific effects upon sulphur may be ex- 
pected to be different in the two solvent metals 
Magnesium and calcium are much more soluble in 
liquid nickel than in iron and they therefore are 
used much more effectively as desulphurizers in 
nickel than in iron 

Summary 

Using gas equilibrium methods, it is found that 
the chemical behavior of sulphur in liquid steel is 
independent of the nickel content and that sulphur 
has the same activity and free energy in liquid nickel 
and Fe-Ni alloys as in liquid iron. The experimental 
data are summarized by Eqs. 3, 4, and 5. The effects 
of other alloying elements upon the reactions of sul- 
phur in iron and nickel are discussed 
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Production of Zirconium Diboride from Zirconia 
And Boron Carbide 


ZrB. was produced in batches of 4 to 6 |b by interaction of ZrO., B,C, B.O,, and 
carbon at around 2000°C in a simple graphite resistance furnace. Techniques of 
production are discussed and the final design of a suitable furnace is described in 


detail 


Several other borides were made by the same technique and the process 


appears to have possibilities for commercial production. 
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such impurities as carbon and 


The mechanical problems consisted of de- 


inclusion of 


nitrides 


vent 


veloping a simple practical furnace that would at- 
tain the high temperatures required and permit use 
of a controlled atmosphere when necessary and deter- 
of Beth problems were 

resistance furnace 


mining 


in suitable refractories 
solved by designing a crucible 


Crucible Resistance Electric Furnace 
Attempts were first made to produce ZrB, in an 
electric arc furnace, but such a furnace would not 
provide the degree of carbon control required for 
graphite-free it was 
working in a Obviously, 
ild have to be constructed of graph- 


producing clean borides. so 
decided to try 


crucible 


he furnace wo 


ite, as the temperatures required are too high for 
other refractories or heating elements. Crucibles 
were made by hollowing out segments of graphite 
electrodes, which were fitted with a cover and 


clamped between two electrodes so that the current 
ng through the thin wall of the crucible would 
rate heat, using the principle of the Helberge: 
crucible furnace 


pas 
gene 
Preliminary tests with this type of furnace 
suraging and led to the furnace design shown 

n Fig. 1. The components were a thin- 
walled graphite crucible resting on a graphite block, 
which formed the lower electrode assembly, and a 
top electrode assembly swung from a pipe column 
The 
ound the crucible was filled with graphite 
from crushed to about 
This packing had excellent insulating prop- 
both electrically and thermally, and could be 


removed easily and quickly from 


were 
em 


essential 


making contact with the top of the crucible 
spac © al 
prepared waste electrodes 


erties, 


around the cruci- 


ble by means of an industrial vacuum cleaner. The 
largest resistor crucibles were machined from 8 in 
electrode stock and were 26 in. long, with a side 


wall %% in bottom 


Temperatures were determined optically by sight- 


thick and a 1 in 


ing down a 1 in. hole drilled longitudinally 
and the crucible cover 


at the top was a water-cooled brass sight- 


through 


the top electrode Sealing 


this hole 


glass assembly, shown in Fig. 2. An opening was 
provided for a light flow of helium to keep the sight 
pening clear of smoke, and a glass prism above the 


sight glass changed the line of sight to the horizon- 
More recently, the prism and 
ymeter were replaced by a photoelectric 
recording pyrometer 

At first the charges were placed directly in the 
resistor crucible but this meant that everything had 
t withdrawn from the furnace the 
charge was emptied. Later, smaller were 
made up that could be placed inside the resistor 


al for easier reading 


optical py! 


o be every time 


crucibles 
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Fig. 1—Diegram of the crucible resistonce furnace shows portial 
sectional elevation 
crucible. These were usually of 6 in. electrode stock 
and any desirable length up to 22 in. A crucible 12 
in. tall, for instance, would hold 3000 g of the usual 
charge required for making ZrB, and would result 
in about 1800 g (4 lb) of product. On the other 
hand, a crucible 22 in. tall was required for a 3000 g 
charge of B,O, and lampblack in making B,C 

At first the furnace was operated from one phase 
of a 156 kva transformer, which was available, 
capable of delivering up to 2000 amp and 20 to 60 v, 
varied by taps in 5 v steps. This transformer did 
not permit very smooth operation, as the voltage 
jump between steps was too great. Later a more 
suitable power supply was obtained, which con- 
sisted of a single phase oil-immersed self-cooled 
furnace transformer with 2600 v, 60 cycle primary 
and 66 v, 396 kva secondary. Reduced voltage taps 
were provided for seven intermediate secondary 
voltages down to 18 v with a current capacity of 
6000 amp on all taps. The transformer was also 


provided with a built-in reactor of 35 pct with taps 


at 15 and 25 pct and a voltage regulator for a step- 
less change in primary voltages of +10 pct, making 
it possible to have a continuous voltage change from 
8 to B80 Vv 
Procedure and Results 
The first attempts at preparing ZrB, were made 


in an are furnace, using stoichiometric amounts of 
ZrO,, B.O,, and lampblack. All of the products con- 
tained excessive amounts of graphitic carbon and 
nitrides, which could not be separated from the 


ZrB,. Ceramists reported that these two impurities 
appeared to be especially harmful to the production 
ff strong sound compacts because they acted as 
lubricants between the crystal faces of the other 
components. Production tests then shifted to the 
ace in which the addition of car- 


closed crucible fur 
bon and the atmosphere could be controlled 

Ev 
rectly from the oxides and carbon was not satis- 
factory. Results from different runs varied widely 
and it was difficult to obtain a product containing 
enough boron 

Some preliminary tests indicated that better con- 


en in the closed furnace, the product made di- 


trol of the graphitic carbon in the product could be 
ybtained by using B.C as the reductant for ZrO 
B.C has the added advantage of forming a much 
more compact charge. Accordingly, B.C was made 


large quantities and used as an intermedi- 


could be prepared very easily by the sim- 
ple reduction of B,O, and lampblack in either an arc 
or a resistance furnace. The product made was not 
pure B.C, as it contained excess carbon, but this 
was of no importance because the total carbon 
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was taken into consideration when computing the 
charges, and carbon is necessary in addition to B,C 
for the reduction of ZrO, to ZrB, according to the 
reaction 

2ZrO, + B.C + 3C = 2ZrB, + 4CO 


All raw materials for this work were commercial 
products, available in a fairly high state of purity 
Three different grades of pigment grade zirconia 
were purchased, which contained 97.53 to 98.30 pct 
ZrO,. The major impurities were found to be from 
0.17 to 0.44 pet S10,, about 0.5 pet TiO,, 0.3 pet PO, 
and up to 0.16 pect R,O,. The B,O, purchased con- 
tained about 0.25 pet CaO and equal amounts of 
alkaline metals and 0.07 pct SiO Commercial 
lampblack was used for reaction carbon because of 
its purity. 

Fine grinding and intimate mixing were found to 
be absolute necessities for success in compounding 
charges for all high temperature work. Materials 
should be ground to —65 mesh, at least. Mixing 
was done in several types of rotating mixer the 
simplest of which consisted of a 12 gal sheet iron 
drum, which was fitted with four steel fins made of 
‘4% in. plate, equally spaced longitudinally, which 
acted as lifters when the drum was placed on a set 
of rolls and revolved. Charges were mixed over- 
night for 12 hr or longer 

Boron Carbide: B.C was made, both in arc and re- 
sistance furnaces, from charges consisting of 63.5 
pet B.O, and 36.5 pet C 

For the arc furnace, charges consisted of up to 
366 lb of charge, from which about 42 lb of sinter 
could be expected which, after crushing and leach- 
ing, would produce about 36 lb of finished crude 
B.C. The charge was fed into an open are and only 
about 41 pct of the boron was recovered. A 6 in 
graphite electrode was used which consumed be- 
tween 2000 and 3000 am; 
ation required 7 hr and consumed 880 kw-hr o1 
about 24.5 kw-hr per lb of prod ict 


at 35 to 55 v. The oper- 


B.C was made in the resistance furnace using a 
6x22 in. crucible with a % in. wall as a container 
inside the resistance heater crucible. The charges 
approximated 3000 g which yielded about 724 g of 
product. Power was applied slowly at first to a full 
crucible starting with about 2500 amp, which re- 
quired 8.5 to 10 v. The amperage was raised at the 
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Fig. 2—Sectional elevation shows sight gloss for crucible re- 
sistance furnace 
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rate of about 500 amp every 

wa being used Voltage rose corresp< 
about The temperature was a 
after ind a final té mperature of 2000 
wa ‘ hed in 3 hr, which was matlr 
irr ‘ lermmperature above 2100°C 
of incipient fusion and the charge w« 
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it 1400 
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Wa t imperceptit ntered and was ea 
At 1OW t tre e ste red for p 
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Table |. Analyses of 


Resistance Furnace Preduct 


Table Ili. Analysis of Typical ZrB., Pct 
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The 


weight of the charge was more satisfactory 
amounts of the ingredients required now can be 


to a percentage from which any size 
Table II shows the calcu- 
and gives the 


calculated 
charge can be calculated 
lation based on 100 parts of crude B,C 
percentage of total and the weight of components 
for a typical charge aggregating 3000 g 

A small amount of B.O, appeared to be necessary 
to make the reactions go to completion. It reacted 
with any residual graphitic and carbide carbon, 
the total carbon left in the product would be 
less than 0.25 pct and frequently below 0.10 pct 
Any high carbon ZrB, could be similarly cleaned of 
carbon by retreating with e amount of B,O, 
At the same time, this has the effect of bringing the 
boride up closer to that of ZrB, McKenna’ 
itioned using an excess of B,O, in preparing ZrB 


SO 


that 


smail 


ratio 


mer 
by carbon reduction of mixtures of metal oxides 
with B,O, but the excess B.O, did not control the 
excess carbon in his product which was reported to 


contain 1.89 pct C 

much like B,C ex- 

be brought up 

was reached in 
This tempera- 


after 


The charge was furnaced very 
that the temperature could 

A temperature of 1950°C 
about 2 hr and maintained for 3 hr 
determined to be optimum 
scale tests in which the tempera- 
50°C between At higher 
rial would tend to sinter t 
er and was not easy to remove from the 
without contaminating the product with graphite 
The furnace was operated at 13 to 20 v and 3500 
to 5000 amp. The 5 hr run consumed 360 kw-hr as 
n the input to the transformer. The average 
om a charge weighed 1830 g (4.0 lb) 
lat the power consumption approximated 90 kw-h: 
r lb. The crucible was removed 
partial cooling overnight 

The product was a homogeneous 
crystalline steel-gray material and a typical analy- 
sis is given in Table II 

X-ray patterns on material with an analysis sim- 
to that of Table III gave the lattice dimensions 
in Table IV which are compared with the 
data given by others 

The X-ray pattern showed six faint lines that did 


cept 
taster 
was quite a 


small 


varied by tests 


ratures the mate 


cruci- 


Dit 


sO 


charge-containing 


fine grained 


lial 


shown 


not fit for ZrB, and they must have been due to 
all of which could not be positively 
One line may have been graphite and 


could have been either ZrC or B,C. The meas- 


sity was 5.96 at 20°C 


re 


ured den 


Table IV. Lattice Dimensions of ZrB. A 


sted density 


or 


Calcu 


& per 


TRANSACTIONS AIME 


ned for 3 
wed sign 
} ild tend to 
7295 0.04 0.15 98 43 80 83 19.17 
the B.C would damage the crucible and introduce ‘ 
| 
ly 
4 
arte ible in cera work 
/ C? ‘ f ‘ ne ZrB _ 
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Preparation of Other Borides 

With the successful preparation of ZrB,, it was 
natural to think of using the same method for the 
production of other borides. Because different bo- 
rides have different melting points, is became nec- 
essary to seek out the optimum temperature at 
which reduction would take place. Very often a 
temperature slightly higher than the optimum would 
cause the boride either to melt and combine with 
the graphite crucible or to pick up excessive graph- 
ite carbon from the crucible. The optimum temper- 
ature in each case was sought by making small 
charges in small 4 in. graphite crucibles and heat- 
ing them at temperatures successively 50°C higher, 
beginning at a point well below the known melting 
point of the particular boride In this manner, ex- 
cellent borides of titanium, chromium, cobalt, and 
tungsten were made and fair examples of iron and 
manganese borides were made. Typical analyses of 
these together with the optimum reaction tempera- 
tures are given in Table V. 


Table V. Reaction Temperature and Analyses of Various Borides 


Analyses, Pet 


Beron 
Reaction 
Tempera- Water 
tere, Selu- 
Boride Me ble 


0.45 
0.23 
1.12 
0.21 


426 


The metal: boron ratio was calculated after de- 
ducting the from the total 
boron and, in most cases, the ratios compared favor- 
ably with the theoretical. Likewise, the 
amounts of material unaccounted for showed that 
MnB, has not been widely 
yet the Mn:B 


Production of 


water-soluble boron 
small 
reductions were good 
recognized as a definite compound, 
ratio is perfect for such a com] ound 
iron and manganese borides requires further devel- 
opment, but their properties did not appear to be 
particularly favorable for use as high temperature 
refractories, so nothing further could be done on 
them this time. Of those listed in Table V, the 
borides of titanium, chromium, and tungsten were 
of most interest and were given some further study 

X-ray analysis of the titanium boride proved the 
material to be hexagonal TiB, with the unit cell 
dimensions, in A, of a 3.028, c 228, and c/a 
1.07. These values are an exact check of those re- 
ported by Kiessling 

The chromium boride gave an X-ray 
found to be the orthorhombic (-phase CrB, as re- 
ported by Kiessling Several lines for impurities 
could be found, one of which was believed to be BN 

i The estimated compound analy- 


pattern 


another Cr,O, 
is was calculated to be 96.23 pct CrB, 1.8 pct BN 
and 0.05 pct Cr,O, Excess boron was cal ulated to 
be about 2.0 pct, which may have been in solid 
solution with the CrB 

The X-ray diffraction pattern on the tungsten 
boride sample proved to be very similar to the hex- 
agonal « phase of tungsten boride, having the com- 
position W,.B, as described by Kiessling,” and the 
X-ray work on this sample checked him very well 

Other borides were attempted, but none was suc- 
ful. as the charges were not completely reduced 


cessful 
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Those attempted included: AIB,, AIB,, SiB,, SiB,, 
Mg,.B., Mo,B,, CeB,, and Cu,B, It was recognized 
that the existence of some of these has been ques- 
tioned. 
Summary and Conclusions 
ZrB, of good quality, practically free of graph- 
itic carbon and nitride, was made from crude B,C, 
ZrO,, lampblack, and B,O, in semicommercial lots, 
using a relatively simple crucible resistance fur- 
nace. Approximately 100 lb was made for use tests, 
and it was found that the quality was uniform on 
batches made under the same conditions. Other 
borides successfully made by the same method in- 
cluded TiB.. CrB, W.B,, CoB, FeB, and MnB,. The 
work is being continued on a small scale and modi- 
fied techniques may yet be developed to produce 
other borides 
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Mel 
Ratioc 
TiIB 1900 65.3 2688 026 0.93 95.48 0.52 
CrB 1800 81.5 16.1 0.03 0.69 96 52 } 05 : 
CoB 1700 83.5 15.9 0.10 0.19 100.71 0.97 
w.B 2100 87.1 11.1 0.14 0.89 99.30 0.47 : 
FeB 1500 616 14.5 1.19 1.55 97.65 1.19 : 
190" 63.9 26.8 1.53 1.39 96.35 0.50 


Continuous lon Exchange 


In a continuous countercurrent exchange process, an alteration in any one of the 
operating conditions has a complex effect on the others, which can only be predicted by 
employing the transfer unit or the theoretical stage theory on a basis of trial and error. 
A simple method is described for illustrating diagrammatically the behavior of a counter- 
current system, the equations being simplified by means of a concept the maximum hypo- 
thetical exchange performance. An example based on a typical metallurgical system is 
given, in which a divalent metal is recovered from a dilute solution, the resin being 
regenerated continuously by a monovalent ion. Useful conclusions are drawn from a study 
of the theory. Practical methods for performing continuous ion exchange are discussed, 
and the development of equipment based on modified ore dressing jigs is described. A 
swinging sieve jig contactor is evaluated experimentally. 
ID RING ti td le. the new syntheti r instead of lying idle until the whole bed was ready 
f been applied extensively for regeneration. A very major advantage is that 
7 field of water treatment t would be simpler to control automatically 
It is probable that continuous operation will be 
{ i the key for really large scale applications of ion 
at acté excnhang 
be ed. The The flow sheet of a continuous ion exchange re- 
esses W be it- covery-concentration process is illustrated diagram- 
the pera- matically in Fig. 1. Dilute liquor containing the 
u SIRO labora- valuable ion flows through the stripping section 
t fact dus- ‘ intercurrently to a moving bed of resin and leaves 
after a al contact with freshly regenerated resin 
esins Cal The resin leaves the unit almost in equilibrium with 
ch as the recovery the incoming liquor and then flows to the regenerat- 
a from miun¢ ing unit where it is treated by a slow countercurrent 
at f picr g and plating flow of concentrated regenerant solution. The ad- 
waste efflu orbed ion is displaced from the resin and appears 
t in the concentrated product stream. The resin then 
' ; aluat neva must pass through a rinse unit or section where 
ne rare ;, tographic fractionatior regenerant entrained by the resin is washed back 
: Furthe f nto the regeneration section by water. The regen- 
af ; 1 in the field of erated and washed resin is then recycled back to the 
nya ‘ n exchange tripping section 

‘ f e de ed 

ea yu the leach |. Theoretical Operating Behavior of Continuous lon 

exal n exchange proce ha Exchange Suieoinn System 
the extraction of gold The simple theory of continuous ion exchange is 
inalogous to that of solvent extraction and other 
ha ivantage nal transfer operations and is governed by 
‘ he equilibrium relationship, the mass balance, the 
ites of mass transfer, and the contacting efficiency 

NOUIG ela a luct strean steady of the unit 

t water Equilibrium Relationship——The relative affinity of 
at were tw ns A and B, for a particular resin immersed 
ff ‘ ! ach portior n their solution, can be expressed by plotting com- 

i the resin would ed of ‘wa aded positions of the solution against compositions which 

MeNEILL, E A SWINTON, ond D. E WEISS ore associoted exist in resin in with these 
with Die of industrio! Chemistry, Commonwealth Scientific ond C/C. vs a/a 
Industrial Research Orgonizotion, Melbourne, Australia 

Discussion of this paper, TP 3995D, may be sent, 2 copies, to where C, is the total normality of the solution, C is 
AIME by Oct. |, 1955. Manuscript, Dec. 11, 1953. New York the normality of ion A in the soluticn, a is the total 
Mesting, exchange capacity of the resin in gram equivalents 
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REGENERATION 
SECTION 


FEED 
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CONCENTRATE 
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Fig. 1—Diagrom illustrates flow for continuous ion ex- 
change recovery-concentrotion process 


per kilogram of oven-dry resin, and q is the concen- 
tration of ion A on the resin in grams equivalent per 
kilogram of oven-dry resin. Examples of equilibrium 
diagrams are shown in Figs. 4 and 8 
Mass Balance—In a particular countercurrent 

operation, a plot on the foregoing coordinates of the 
actual compositions of resin and surrounding solu- 
tion at sections along the unit is termed the operat- 
ing line. It terminates at the end conditions of the 
unit, i.e., at the points representing the composi- 
tions: (q/a), resin feed, (C/C,). solution effluent, 
and (q/a), resin leaving, (C/C,), solution feed. The 
operating line expresses the mass balance and has 
the slope 

vc 

Ra 


where V is the rate of flow of solution in liters per 
hour and R is the rate of flow of resin in kilograms 
oven-dry per hour. This is the ratio of equivalents 
moving in the solution to those moving in the resin 
phase. 

Driving Force—The relative difficulty of achiev- 
ing any particular set of end conditions is dependent 
on the concentration differences (driving force) 
available between the actual compositions along the 
unit (plotted on the operating line) and the com- 


ztoceas 225 
i| 
| 
| 
| 
3 
if 
| 
}} 
| 
= 


Fig. 2—Chort of regeneration of Zeocorb 225 shows effect 
on NTS required of regenerant utilization efficiency ond the 
traction of resin regenerated 
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positions if true equilibrium were established 
(plotted on the equilibrium curve) 

If both operating and equilibrium lines are straight, 
the effective overall driving force is given by the 
logarithmic mean of the end conditions; but for the 
more usual case where the equilbrium line is curved, 
the theoretical stage method of McCabe-Thiele” 
must be used. A series of rectangular steps is drawn 
between the two lines, each step representing graph- 
ically an ideal stage in which complete equilibrium 
is achieved before the phases move on. The similar, 
but more rigorous, concept of the transfer unit 
(Chilton and Colburn") is differential, and the 
number of transfer units is obtained by a graphical 
integration 

The number of transfer units (NTU) or, as a first 
approximation, the number of theoretical stages 
(NTS), is a measure of the difficulty of a particular 
operation; and, assuming that the rates of diffusion 
are controlled by the liquid film concentrations, the 
exchange performance of the system is given by 


E=kS x WxC [1] 
NTU 
and by simple mass balance 
E i 
V k»S x W [2 
NTI 
E Y 
R k,S x W x [3] 
aX a X NTT 


where E is the performance of the system, i.e., the 
rate in gram equivalents per hour at which the sys- 
tem can perform the exchange of ions, W is the 
weight of resin in the system in kilograms oven-dry, 
Y is the fractional change in composition of the 
solution, X is the fractional change in composition 
of the resin, and k,S* is termed the mass transfer 


* Values { kyoS quoted t Seike ur fro 900 to 1400 « 
equ ert pe hr pe Ka pe g equ ent per ter for a » iv 
{ fluidized bed stripping copper se stior and 
fr I2 to 44 for ir diar com pact na bed regenerating 


rate coefficient, expressing the rate of exchange in 
gram equivalents per hour per kilogram of resin for 
a mean concentration difference of 1 g equivalent 
per liter. This coefficient is not a constant, since it 
embodies not only the rate of diffusion of ions 
through the liquid film surrounding each resin par- 
ticle, which depends on the liquid velocity, etc., but 
also on the effect of slow diffusion in the solid phase, 
which is neglected in the assumption in Eq. 1, and 
on the inefficiencies of the apparatus, such as chan- 
neling, backmixing, and end effects 

If however, k,S can be assumed to be relatively 
constant for a particular unit over a practical range 
of variables, then the effect of the operating vari- 
ables on the unit can be illustrated graphically by 
employing the concept of the hypothetical maximum 


performance, E., of a unit where 
E k,S x W x C, g equivalents per hi 

i.e. the rate at which the amount of resin in the 
unit would exchange ions if the concentration grad- 
ient throughout were that which would exist be- 
tween fresh solution and fresh resin 

The minimum flow rate of resin which could, 
hypothetically, exchange these ions is given by 


R k,.S x W 
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i | 
E C, 
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a a 


Similarly 


When the concepts in Eqs. 1, 2, and 3 are sub- 
stituted, relative performance (Eq. 4), relative resin 
flow rate (Eq. 5), and relative solution flow rate 
(Eq. 6) are obtained 

E Y 
[4] 


(6) 


The values for NTU depend on the shape of the 


core 4 
Ca**/ 
775 
oT, 
A 
4 
x 
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Fig 3—Effect of regeneront utilization efficiency ond frac 


tion of resin regenercted on the capacity of o plant is shown 
by chert for regeneration of Zeocorb 225 
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Fig. 4—Chart of regenerction of Zeocarb 225 shows the 
effect on the capacity of a plant of the regenecront utilization 
efficiency and resin flow rote 
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equilibrium diagram for the particular ions and 
resin in the system and on the positions of the 
operating lines, which are set by the initial compo- 
sitions and the composition changes, X and Y 

For any specific system, after determination of 
the equilibrium diagram, the variation of NTU or 
NTS with X and Y may be obtained by graphical 
methods; and then by use of Eqs. 4, 5, and 6, the 
operating parameters may be plotted on one set of 
axes, as outlined under “Theoretical Performance 
Charts for Continuous Ion Exchange.” The resulting 
charts can be used to predict the performance char- 
acteristics of a system 

Figs. 2, 3, and 4 are examples of such charts 
drawn specifically for the regeneration of Zeocarb 
225,+ calcium form, by means of 2-normal NaCl 


A cation exchange resin supplied by Permutit Co. Ltd, London 


solution, but they illustrate the trends to be ex- 
pected in similar exchanges where one ion has rather 
more affinity for the resin than the other. The signif- 
icance of the figures is best illustrated by the fol- 
lowing examples, where the interrelation of both 
the regeneration and stripping unit is also discussed. 

Regeneration: An example of an equilibrium 
curve and various operating lines for a typical re- 
generation is given in Fig. 5. The curve gives the 
equilibrium compositions for Zeocarb 225 immersed 
in a 2-normal solution of NaCl and CaCl... Lines 1 
and 2 illustrate limiting conditions requiring an in- 
finite number of theoretical stages, since the lines 
are tangential to the equilibrium curves. Line 1 
iemonstrates that to strip 95 pct Ca from the resin 


the maximum possible use of the regenerant is only 
45 pet, (C/C,) 0.45, i.e., the regeneration requires 
2.2 times the stoichiometric quantity of NaCl. On 


hand (line 2), to obtain 95 pct utilization 
of the regenerant only 47 pct Ca can be stripped 
from the resin. These figures could be achieved only 
he exchange unit were infinitely long, or the flow 
rates infinitely small—in other words, when no ex- 
change takes place 

For practical use, there must be a sacrifice of effi- 
ciency to obtain a reasonable production rate. Line 3 
illustrates a typical countercurrent operation (actu- 


ally run lla of Table III) where 47 pct Ca was 


(ss £0 & 
caTion 


Fig. S—Operating lines ore given for 2-normol NeoC! re- 
generation of Zeocorb 225 
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Fig. 6—Equilibrium curves (drawn from data of Baumann”) 
illustrate divalent-monovalent equilibria (Ca-Na on Dowex 
50) dependence on concentration 


stripped from a fully loaded resin, while 87 pct NaCl 
regenerant was utilized and converted to CaCl,. 


Then 
q 
(4) 


( — ) 0.53 
a 


that is, X 0.47 


( —) 0.87 


that is, Y 0.87. Eight theoretical stages can be 
stepped off between this line and the equilibrium 
curve. 

The relative performance is thus 

E 0.87 
6.109 
E NTU 8 
Other operating conditions can be postulated in 
which the resin is not as completely regenerated, for 
example, to (q/a) 0.7 (i.e. X 1.0 to 0.7 = 0.3), 
at the same degree of regenerant utilization. By 
graphical construction, it is found that the number 
of theoretical stages is reduced to three, and by Eq. 4 
the performance of the unit is thus increased by the 
factor 8,3 to E/E 0.87/3 0.29. To realize these 
conditions, the brine flow rate must be increased by 
the same factor (Eq. 6) but the resin flow rate must 
be quadrupled (Eq. 5) 

The complicated interrelation of such variables is 
illustrated graphically in Figs. 2, 3, and 4 which are 
drawn as described under “Theoretical Performance 
Charts for Continuous Countercurrent Ion Ex- 
change.’ 

Fig. 2 shows the number of theoretical stages 
(NTS) which are required in order to achieve vari- 
ous degrees of resin regeneration and regenerant 
utilization 

Provided that the design of the apparatus is such 
that the requisite number of theoretical stages can 
be developed, then Fig. 4 illustrates the dependence 
of the performance of the plant on the degree of 
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Fig. 7—Graph shows the stripping of a divalent ion from a 


dilute solution, illustrating the number of transfer units re 
quired for various compositions of resin feed 


regenerant utilization which is required and on the 
flow rate of the resin. The corresponding values for 
NTS and for the regenerant flow rate also are plotted 
across the chart. For the same coordinates, Fig. 3 
gives the corresponding degree of resin regeneration 
which would be achieved. The points corresponding 
to operating lines 2 and 3 of Fig. 5, and the other 
operating conditions mentioned, can be traced read- 
ily on these charts 

For this particular exchange, from a study of Figs 
2, 3, and 4 it may be said in general! that little in- 
crease in exchange performance may be gained by 
using more than 40 pct excess of brine (i.e., 
(C/C,) 0.7) and that high performances can be 
obtained with almost complete usage of brine, par- 
ticularly at high resin flow rates 

If the resin entering the regenerating unit is only 
95 pct saturated with calcium, the curves are similar 
to Figs. 3 and 4, except that the theoretical maxi- 
mum regenerant utilization is 85 pct and all the 
curves approach asymptotically to zero at this value 
If the resin is initially only 90 pct saturated with 
calcium, the maximum regenerant utilization can 
be only 75 pct 

Stripping: In most metallurgical applications, the 
ion to be recovered is polyvalent and the regenerat- 
ing ion is monovalent. Because of the mass action 


effect in such an « quation as 


MR + 2 NaCl = Na.R + MC! 


the equilibrium is dependent on the concentration 
of the solution, as demonstrated in the equilibrium 
curves of Fig. 6 which are drawn from data pub- 
lished by saumann 

The extreme nonlinearity of the curves for low 


concentrations is a graphical statement of the fact 
that a resin will strip divalent ions so avidly from 
a dilute solution that thers virtually no effective 
back pressure until the resir almost saturated. In 
Fig. 7 with such a nonlinear equilibrium curve, all 
the operating lins jrawn involve practically the 
same number of transfer unit rrespective of the 


initial loading of the resin entering a countercurrent 
stripping system. From Ea. 1, the performance of 
the unit is, therefore, approximately constant for 
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Table |. Theoretical Resin Requirements for Recovery of 1310 G 
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Res guired Ke Dry tien of 
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Theoretical Performance Charts for Continuous 


Countercurrent lon Exchange me: The example 
ded wit y near Z-! rma NaCl 

( ‘ irve (Fig. 5) 
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‘ ytir at C/C.) 
f X and Y 
pped off be- 
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72 ppm, Na 9.4 ppm, to an effluent of composition 
Ca 2 ppm, Na 90 ppm. The regeneration was 
to be performed with 12 pct NaCl brine, 90 pct of 
which was to be utilized 

The value of k,S for the regeneration calculation 
has been assumed as 10 g equivalents per hr per kg 
per g equivalent per liter and as 1000 g equivalents 
per hr per kg per g equivalents per liter for the 
stripping. These figures are considered to be prac- 
tically attainable on the basis of the figures in this 
paper and those published previously.” * 

Regeneration Section: Assuming a resin bed 10 ft 
high and 3 ft diam, then W 1000 kg oven-dry 
resin, C 2-normal, a 4.5 g equivalents per kg, 
Y 90 pct, and k,S 10. Then E k,S x W x 
Cc 20,000 g equivalents per hr and R E./a 
4450 kg per hr 

Example A: Assume a linear flow of resin of 1 
fpm, i.e., R = 6000 kg per hr. Then R/R 1.35. On 
Fig. 4 on the ordinate for Y 90 pct, the correspond- 
for E/E, is 0.29. Therefore, E 0.29 » 
5800 g equivalents per hr. From Fig. 2, 
From Fig. 3, fraction of resin 


ing 
20.000 
NTS required is 3.2 
regenerated is 0.22 
Similar examples were calculated for resin flows 
of 3 and % changes per hr, respectively 
Stripping Section: C 0.064 normal, Y (0.9 
0.025) 0.875, and k,S 1000. If the resin enter- 
ing the stripping stage has q/a less than 0.80, the 
number of transfer units required in this section is 
virtually constant and by graphical integration is 
ap} ximately five 
Thus, from Eq. 1 
E x NTU 
W 0.143 E 


For example A where E 5800 g equivalents per 
hr, then W 830 kg 
y Carry-Over of Water on the Resin 
Cake: Assuming, on the basis of experimental figures, 
that the cake carries 0.2 liter of residual water per 
kg oven-dry resin, then for example A product will 
equivalents per hr in 2900 liters at 
2-normal concentration; resin flow rate will be 6000 
kg per hr, and entrained water will be 6000 x 0.2 
1200 liters per hr. Thus, the actual product stream 
will be 2900 1200 4100 liters per hr and the 
actual concentration is thus 5800/4100 1.41 normal 
In Table I, three examples with different resin 
flow rates are reduced for comparison purposes to 
a common production rate of 1310 g equivalents per 
hr to demonstrate the effect of resin flow rate on the 


be 5800 ge 


f resin required and the opposing dilution 
1310 g equivalents 


amount 
effect due to water entrainment 
per hr of copper ion are about | ton Cu per day 


Il. Equipment for Continuous lon Exchange—Use of 
Modified Ore Dressing Jigs 
The major problem in the development of a con- 


tinuous ion exchange process is the design of a con- 


tactor in which the resin is efficiently moved counter- 
currently to a liquid stream without excessive attri- 
tion of the expensive resin. This problem is common 
to the development of any continuous adsorption 
process, and many attempts have been made to solve 
it in other fields. A review of these developments 
has been made recently.” 

Some of the difficulties of a moving bed are ob- 
viated in a multicell cyclic process where the 
liquid connections to a number of cells are changed 
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Fig. 8—Diagram shows 8 ft 
countercurrent swinging sieve jig 


described in the paper 


in unison at regular intervals to give a cuounter- 


current effect. However, it is difficult to synchronize 


the various sections 

In the field of ion exchange, simple compact fall- 
ing beds have been employed by Stanton,” Selke,” ‘ 
and Hiester and Phillips,” and the feasibility of a 
continuous process has been amply demonstrated on 
a laboratory scale. Hiester and Phillips” have suc- 
cessfully utilized a 4 in. diam laboratory column 
with specially designed rotating plug valves which 
dewater the resin entering and leaving the column 
Higgins and Roberts” have devised a jerked bed con- 
tactor in which intermittent liquid flow reversals 
jerk a bed of resin up a column. In the intervals 
between the pulses, solutions flow down through the 
bed as in fixed bed operation. Downflow has the 
important advantage that higher liquid flow rates 
can be maintained than in upflow operation. Both 
ese systems have rotating resin valves which 
would cause attrition and flow distribution would 
iarge scale design 


The use of fluidized beds for single stage contact 


of solids with gases and liquids is well established 
Selke has demonstrated that a fluidized bed of ion 


exchange resin stripping copper from a dilute solu- 
has a degree of countercurrent action, since the 
denser copper-saturated resin sinks to the base of 
the bed where it is withdrawn. The Shell Develop- 
ment Co.” describes prolonged countercurrent con- 
tact in the annulus between a spinning rotor and a 
stator tube. The Standard, Oil Development Co 
lescribes a multistage fluidized tower in which beds 
of adsorbent particles on perforated plates are fluid- 
ized by a rising stream of liquid and cascade through 
downcomers from plate to plate down the tower. A 
minimum velocity of liquid is required to fluidize 
the beds of solid, so that the contact time of the 
liquid with the solid is low and the operation of the 
tower is inflexible. Also the time of contact of indi- 
vidual particles on each plate may vary widely 
Work in this laboratory has demonstrated that 
very satisfactory contact of resins with liquids can 
be produced if a rapidly pulsating flow of liquid is 
passed up through a bed maintained on a suitable 
screen. This results in an expanded bed, but since 
les momentarily settle during the down- 
stroke of each pulsation, there is relatively little 


rbulence or backmixing in the bed of particles 


tu 
The bed is evenly maintained in a teetering condi- 
tion: and, behaving as a dense fluid, it flows across 


a screen plate and discharges uniformly over a weir 
when fresh resin is fed to the other end of the plate 

This condition of a partly fluidized but nontur- 
bulent bed has been used for many years in the ore 
dressing operation of jigging, and inexpensive rugged 
machinery has been developed to handle crushed 
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ores in this state. The authors have adapted well 
known ore dressing jigs to obtain countercurrent 
flow of solid particles and solutions 

An experimental continuous ion exchange recovery 
unit has been built, the object of the investigation 
being to devise a continuous process for the recovery 
and concentration of valuable metals from mine 
waters, effluent streams, and leach liquors. How- 
ever, for experimental convenience, the Ca-Na ex- 
change system was used for the initial investigation 

Experimental Procedure—100 to 200 gal per hi 
of water containing 200 ppm or more of CaCl, were 
passed up through a shallow bed of resin in a modi 
fied diaphragm jig. When loaded with calcium, the 
resin was continuously transferred to a long swing- 
ing sieve jig where it was partly regenerated by a 
countercurrent flow of NaC! solution, then rinsed, 
and passed back to the stripping unit. The calcium 
was recovered as a 10 to 15 pct solution of CaCl, 
50 to 90 pct pure 

Stripping Section: The diaphragm jig consisted of 
a wooden box, open at the top, holding a 2x1 ft 
horizontal Monel wire screen of 75 mesh. Under- 
neath this screen, a bed of *% in. Raschig rings 
rested on a coarser screen and acted as a distributer 
for the upward flow of feed water. The base of the 
jig was a diaphragm which was pulsated by an 
eccentric over an amplitude of 1/20 to 1/10 in 
at 100 to 200 strokes per min. A 1 in. layer of 14 to 
24 mesh quartz sand, which assisted the flow dis- 
tribution, and a 2 in. semifluidized layer of Zeocarb 
225 were retained on the screen by a weir at one 
id. When the resin was fed onto the other end of 


1 screen, an equal quantity overflowed the wei 


er 
th 
into a sump and was transferred by a % in. bore 
airlift onto a horizontal rotary disk vacuum filter 
8 in. diam. The dewatered resin cake then fell into 
a hopper feeding the regeneration section. The feed 
water flowed up through the bed into a divergent 
settling section and out over weirs into a peripheral 
launder This effluent, and the filtrate from the 
vacuum filter, were measured, sampled, and run to 
waste 

Regeneration Section: The regeneration and wash- 
ing of the resin were conducted countercurrently in 
a modified swinging sieve jig, shown diagrammat- 
ically in Fig. 8 


A bed of resin 1 to 2 in. deep, just immersed in 
liquid, was held in a wooden sieve trough 8 ft long, 
3 in. wide, 4 in. deep, fitted with a 75 mesh Monel 


screen, and a base attached underneath the screen 
by a rubber diaphragm. The base was held rela- 

by tie rods 2 ft long, while the 
trough was hung on parallel radius links 4% in 
long, inclined from the horizontal. By means of a 
cam drive, the trough was given an upward and 


tively stationary 
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rg 


oscillation of 
which threw 


backward, downward and forward 
16 to 3/16 in. at 110 

the resin 

the sarne time forcing 

the bed 

Adjustment of the 


angle of the oscillation 


trokes per min 


bed gradually along the trough, while at 


solution up and down through 


frequency, amplitude, and the 
gave control of the fluidity 


rate of flow throughout the 


er 
Soft sponge rubber strips were cemented across 
the diaphragm compartment beneath the screen in 
jer to segment it during the expansion stroke, and 
weirs were slotted across the trough just above the 


bed to minimize backmixing in the free liquid zone 
of the trough, the resin over- 
imp, from which it 
was transferred onto a rotary disk vacuum filter by 


a % bore a ft. The filtrate was pumped back 
to t a ft well, and the regenerated resin filter 
ike fell into the tripping section The resin bed 
was maintained at a depth of 1 to 2in. A 5-normal 
f Nat was metered at a point 5 ft from 
! Wa r i Va metered in at the 
n discharge we me t mpensate for water 
t wit tr ‘ n filter cake leaving the regenerat- 
! init, the remainder to countercurrently wash 
‘ the enerated resin. thus diluting 
tion of to 3-normal his 
the egenerating con- 
alt ect to the 
6 yuite fea wit th 
, a mixture of Cat and NaCl 
silt to the end of 
j t ap t ( lect fines 
h T ece which 
the It was 
‘ ed the re n 
A tat nditions were attained, meas- 
th low te and calcium and 
+} feed 1 trean 
let it lectir na 
- ‘ I m the airlift 
P the ens measuring the 
i ad er. The 
ettied bed \ en-dried weight 
> 
soe 
a 
@ 
Carron 


Fig. 9—Ca-No equilibrio curves for 225 are given 
for and 2-normal solution 
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of resin was determined separately as 52 g per 100 
ml of bed. 

Samples taken from various points in the bed 
were also analyzed from time to time 

The brine, CaCl, solution, and wash water were 
fed at accurately controlled rates by a tilting cup 
feeding device.” 

Equilibrium Curves—For the assessment of the 
efficiency of the apparatus, it was necessary to de- 
termine the relevant Ca-Na equilibria on the resin 
used. Weighed quantities of calcium resin were 
equilibrated with various volumes of NaCl solution 
of the requisite concentration. The resin was filtered 
off and washed. The filtrate was made up to volume 
with wash water and analyzed for calcium content 
by titration with sodium ethylenediaminetetra- 
acetate. The resir: compositions were calculated by 
mass balance. The curve was completed by equili- 
brating sodium resin with CaCl, solutions 


Continuous Stripping of Calcium by a Single Stage 
Semifluidized Bed of lon Exchange Resin 


Table 


Stripping Section 


Experimental run 10 
Liquid flow rate, imperia! gal 185 100 100 
ner hr 
Cat tu 0 028 0.051 0 050 
Cat ut, pet 0.0083 0.0078 0 0089 
Degree of stripping. pct 70 85 82 
Subsequent Regeneration 
Concentrate, Cat pet u 3.3 5.1 82 
Apparatus capecit b CaCl 038 o4i 0 46 
per fir 
Results—The Ca-Na equilibrium curves for Zeo- 


carb 225 in 1 and 2-normal solution are given in 


Fig. 9. The maximum capacity of the resin was 
determined as 4.5 g equivalents per kg oven-dry 
resin 


Stripping Section: In this series of experiments, 
the stripping section was used merely as a source 
of resin completely saturated with calcium ions, in 
order to facilitate the investigation on the regenera- 
Consequently it was fed with an excess 
of calcium and limited, for simplicity, to a single 
stage 

However, in runs 1, 9, and 10, the resin left the 
stripping section incompletely saturated and up to 
85 pct stripping was obtained in this single stage 
contact, as shown in Table II 

Although no quantitative work has yet been per- 
formed on this stage, some visual observations of 
the effect of pulsation are of interest 
2x1 ft bed, 5 in. deep, of Deacidite FF of 1.1 


tion section 


An anion exchange resin supplied by Permutit Co. Ltd., Lond 


sp gr, was treated with a rising flow of water at 
The bed was highly turbu- 

. at three or f 
applying a puisation of 3/16 in. at 110 strokes per 
min to the rising water, the bed smoothed out to a 
typical teetering condition and flow was even through 
the whole area of the bed. At a flow of 3 gal per 
sq ft per min without pulsation, the bed erupted 
violently at one point, the remainder of the bed 
being tightly packed, so that all the flow passed 
through one portion of the bed only. On applying 
the pulsation, an evenly fluidized bed was produced, 


1 gal per sq ft per min 
| our points. On 


r.t with gross “boiling” 


in which numerous small boiling points were dis- 
tributed over the whole area 

Regeneration Section: Some typical results are 
given in Tables III, IV, and V. Results for all the 
runs were correlated by calculating the values of 
the mass transfer coefficient (k,S) in gram equiv- 


TRANSACTIONS AIME 


ie) o-s 
LINEAR VELOCITY OF LiQuID 


LINEAR VELOCITY OF SOLID 


Fig. 10—Experimental values of ky»S were plotted against 
relative flow rate of liquid and solid. 


alents exchanged per hour per kilogram of resin 
(oven-dry) per normality difference in concentra- 
tion, see I. “Theoretical Operating Behavior of Con- 
tinuous Ion Exchange Stripping System.” From the 
measured composition of the product stream (C/C,),, 
the known composition of the resin feed (q/a 
1.0), and the ratio VC./Ra, the operating line for 
each run was plotted over the appropriate equili- 
brium curve, the number of theoretical stages stepped 
off graphically, and Eq. 1 used to calculate k,S. 
These values were approximate, since the whole 
weight of the bed, including the rinse section, was 
used for the value of W 

On plotting these values of k,S against various 
operating variables, approximate inverse relation- 
ships were obtained with resin flow rate (R) for 
each of the three sets of runs when the liquid veloc- 
ity (V) was relatively constant. This demonstrates 
that there was insufficient movement of liquid up 
and down the bed, i.e., there was more time for the 
liquid to contact the whole depth of the bed in each 
section when the bed was moving slowly. The effect 
of slow diffusion in the solid would accentuate this 

When the values of k,S were plotted against V/R 
(Fig. 10), the three series were reduced to a single 
approximate proportional relationship. This influ- 
ence of the factor V showed that there was a degree 
of backmixing in the diaphragm compartment 
which upset the countercurrent pattern of a slow 
liquid flow but had a proportionately smaller effect 
on a fast flow 

These defects were observed visually by tracer 
solutions but could not be overcome without re- 
designing the apparatus. The particular assembly 


Table Ili. Results of Regeneration Section” 


Ren Ne 
5 6 lia tle it 

Regene t flow, equ 

ents per hr ve $64 61 582 46 647 47 35 
Res low. kg per r R 47 @87 3.7 187 162 15953 
EMfiuer entrati 

equivalents per liter c i 17 1.7 19 22 232 
Fraction as Ca Y 5 55 7 «6887 76 4676 
Ca ere equ 

ents pe gE 31 28 40 40 36 36 32 
Initial res ading O82 09710 10 10 18 18 
Final res ading 025 072 052 051 050 0.86 
NTS 3 6 2 4 5 5 2 
koS 45 $2 21 53 31 31 13 

3.5 kg oven-dry resir 
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Table IV. Results of Regeneration Section* 


Ren Ne 

Regenerant flow, g 

equivalents per hr ve 21.9 226 21.6 18.7 220 19 
Resin flow. kg per hr R 484 3.12 795 935 17.55 103 
Effluent concentration, g 

equivalents per liter ‘ 2.5 2.8 28 28 28 29 
Fraction as Ca**, pet Y 51 34 51 Sa 7 61 
Ca recovered, g equiva- 

lents per hr gE 10.6 86 110 107 125 118 
Initial resin loading 1a 1.0 1.0 1.0 10 10 1.0 
Final resin loading (q/als 051 O39 #065 O75 O43 O75 
NTS 2 15 11 5 1.0 
kod 438 a4 28 2. 3.3 2.0 


“Ww 3.5 kg oven-dry resin 


of cranks and links would not allow a crank angle 
less than 19° from the horizontal; and at the angles 
used (19° to 50°), a vertical amplitude which gave 
satisfactory vertical mixing had a horizontal com- 
ponent which threw the bed faster than was re- 
quired for the experiments. More positive partition- 
ing of the diaphragm compartment would be neces- 
sary. In view of this, no closer correlation, incor- 
porating the other variables, was attempted 

The maximum utilization of regenerant recorded 
was 90 pct at a capacity of 3.2 g equivalents per hr. 
Under the best regeneration conditions attempted, 
the resin left the regenerator still containing 30 pct 
of its original calcium. The highest number of theo- 
retical stages observed was eight. 

The results for each run could be plotted on the 
theoretical charts of Figs. 3 and 4 and fitted all the 
parameters. 


Table V. Results of Regeneration Section* 


Run Ne 


Regenerant flow, 


equivalents per hr ve 73 72 70 78 8.0 79 
Resin flow, kg per hr RK 5.7 535 60 42 is? 4.74 
EMiuent concentration, g 

equivalents per liter c 1.46 1.9 is is 16 
Fraction as Ca pet Y 70 76 78 78 61 73 
Ca recovered, ¢ equiva 

lents per hr 5.1 5.5 54 56 49 5.6 
Initial resin loading 10 io 1.0 10 10 10 
Finai resin loading ya 080 O77 680 670 046 O73 
NTS 13 2 2 25 35 146 
25 3.2 3.1 41 60 33 


2.4 kg oven-dry resin 


Rinse Section: Resin left the regenerator section 
as a filter cake carrying with it 11 to 18 ml of water 
per 100 ml of resin cake. A. corresponding volume 
of water was fed to the rinse section to compensate 
for this carry-over; a further amount was fed back 
along the jig to wash brine from the regenerated 
resin. It was found that a counterflow of approxi- 
mately 30 ml of water per 100 ml per min of resin 
bed flow was sufficient to reduce the brine concen- 
tration from 3-normal! at the point of brine entry to 
0.05-normal in the end compartment over a length 
of 3 ft. When the flow of rinse water was less than 
this, regenerant was wasted, since a dilute salt solu- 
tion was carried over with the resin. This is exem- 
plified in runs 38, 39A, 39B (Table V), where 8.0 g 
equivalents NaCl were fed to the system, but 0.8 to 
1.0 g equivalents were wasted in this manner 

General Operation: The system was reliable, 
robust, and extraordinarily easy to operate. It could 
be started up in a few minutes then left unattended 
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detailed 


swinging 


redesign would improve this figure, the 
sieve jig has an inherent weakness in that 
the deeper beds of a full scale apparatus would 1 
quire more positive vertical mixing and more effec- 
tive partitioning under the moving screen in order 
to develop high efficiencies. 

Discussion—-The swinging which 
has been evaluated in this series of experiments 
worked reliably, but its efficiency suffered because, 


to some extent, the 


sieve contactor 


solid and liquid streams could 


bypass each other 

A more positive contact is obtained the upflow 
of a diaphragm jig such as was used as the single 
stage stripping unit in this investigation. This could 


be adapted for multistage countercurrent ops 
by arranging a number of screens in tower form as 
in Fig. 11. The liquor flows up the tower 
diaphragm, the 


ration 


pulsated 
semifluidized beds of resin 


to plate down the tower! 


cascading from plate 
taggered downcomers. A bed of inert 
packing under the distributes the 
initial flow of the low turbulence in the 
pulsated and semifluidized bed, 
residence time on 


fluidity of the 


rough the 
lowest screen 
Because 
all particles have a 
also, 


iniform each 


ince the 


plate and 


beds can be maintained to 


a considerable extent by the pulsations, resin flow 
can be obtained even when the liquid flow is very 
mall. A two stage tower jig of this type has been 
uccessfully used by the authors as a contactor in a 
partition adsorption process 

For larger scale operation, a series of diaphragm 


jigs could be connected end to end in a cascade, as 
n Fig. 12, the communication between the 
cells being limited to a transverse gate within the 


bed. The resin, as a semifluidized bed, flows from 


cell to cell by its own hydrostatic head. The counter- 
current flow of liquid is obtained by feeding it up 
through the last resin cell, then pumping it from 
the clear zones above the bed to the next stages in 
turn, with or without some recycling. The dia- 
phragms themselves could be adapted to act as 
pumps by the use of a simple nonreturn valve. The 


regarded as a multicell Harz- 


anged so that the 


apparatus could be 


type jig, ar! hutch water cycles 
} Jig 


from cell to cell countercurrently to the flow of 
olid, and is obviously simple to adapt from standard 
commercial Jigs 

Since a jig bed is ideal for gravity segregation, any 
change in density of the resin with composition can 
be used to enhance the countercurrent effect by set- 
ting the resin gates at either the top or bottom of 


each bed 
A further most important advantage of the semi- 
ver the normal fixed bed is that it 


“ pass a finely divided slurry, provided that the 
resin retaining screen is not choked. This would 
" w, for example, the recovery of an ion direc 


from a finely ground leach pulp, thus eliminating a 


RESIN OUT 

Fig. 12—Diagrom illustrates how, 
for a larger scale operation, o 
series of diaphragm jigs could be 
connected end to end in a cos 
cade, the communication between 
the cells being limited to a 
transverse gote within the bed 
As a semifiuidized bed, the resin 
flows from cell to cell by its own 
hydrostati head 


LIQUOR 
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| | 


filtration, or the regeneration of an anion resin by 
a lime slurry. 
Conclusions 

The use of pulsated beds to obtain countercurrent 
movement of ion exchange beds and liquid has been 
demonstrated to be a practical technique and is par- 
ticularly promising for large scale operations. The 
teetering bed has the property that higher density 
resin will segregate to the bottom of the bed and 
also that a slurry will pass through the bed 

An 8 ft long swinging sieve jig has been evaluated 
and worked reliably in a continuous recovery 
process. A mass transfer coefficient of up to 6 g 
equivalents per hr per kg of resin per normality 
difference in concentration was attained, despite the 
fact that in this particular model there was inade- 
quate vertical mixing of liquid into the bed. 

It is considered that the best type of apparatus for 
full scale multistage contact would be a series of 
standard diaphragm jigs linked end to end. Work on 
the evaluation of these is proceeding 
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Technical Note 


On the Loss of Texture in Tapes of a 50 Pct Ni-50 Pct Fe Alloy 


A> alloy of 50 pct Ni-50 pct Fe is currently manu- 
factured in tape thickness down to % mil. In the 
annealed form, this alloy produces an almost square 
hysteresis loop. This has generally been related to 
the fact that by proper rolling and annealing prac- 
tice a sharp cube, (100) [001], texture can be de- 
veloped. As part of a program directed toward an 
understanding of the relationships between mag- 
netic properties and structure of tape core materials, 
analyses were made of preferred orientations in 
tapes of various thicknesses 

Annealed tapes of this alloy in 2, 1, %, “, and % 


S. SPACHNER, Associcte Member AIME, and W. ROSTOKER, 
Junior Member AIME, ore Associote Metallurgist and Supervisor, 
respectively, Physical Metallurgy Section, Metals Research Dept. 
Armour Research Foundation of Illinois Institute of Technology, 
Chicago 

TN 271E. Manuscript, Feb. 21, 1955 
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mil gages were acquired from commercial sources 
Pole figures constructed for the 2 and 1 mil tapes 
showed the expected sharp cube texture. However 
the %, “4, and “% mil annealed taps howed no evi- 
dence of any preferred orientations. A comparison 
of two transmission patterns is shown in Fig. 1 

The origin of the absence of texture in the tapes 
of less than 1 mil thickne was explored in some de- 
tail. The basic questions were whether the heat 
treatment for the thinner tapes was wrongly selected 
whether the initial cold worked textures were dif- 
ferent, or whether the actual thickness of the tape 
exercised some influence on its annealing character- 
istics. Quantities of the five gages of tape were 
acquired in the as-rolled condition just prior to the 
final anneal 

Pole figures of the cold worked textures were con- 
structed for each of the tapes. Eye estimates of in- 
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o—! mil tape 


b—'4 mil tape 


Fig. 1—Transmission diffraction patterns of annealed topes of 50 pct Ni-50 pct Fe alloy 


ore compored. Cu Ka radiation 
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fig. 21111) pole 
figure of 1 mil - 
tape as cold rolled SD A: 
1 
Fig. 3—{111) pole | VM 
figure of ‘4 mil | a 
‘ape as cold rolled | 
Le a» 


sharp change ina the annealing characteristics of tapes 
f a 50 pct Ni-50 pct Fe alloy between 1 and ‘% mil 
mil a sharp cube texture can be produced; 

below 1 mil no preferred textures of any kind can 
be developed. The occurrence of this effect does not 
to be dependent on heat treatment practice. It 
effect on recrystallization. The 

evidence is inconclusive that it is related to the 
structural conditions obtaining in the surface of the 
tape as a result of the complex strain relationships 
developed in the rolling process. Additional diffrac- 
studies on permalloy and unalloyed nickel tapes 
(heavily cold rolled and annealed) of less than 1 mil 
thickness also showed an absence of preferred orien- 
tations so that this effect may be more common than 


Above 1 


seem 


not due to a size 


tior 
wor 


was first realized 
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Board Acts 
On Military Status 


Heretofore young men inducted 
into military service, upon applica- 
tor could be transferred by the 
Board of Directors to 
Status Because of Military Service.” 


Inactive 


They would then have no dues to 
pay and would receive no publica- 
tions, but would have their original 
election date preserved should they 
apply for active status again imme 
diately after leaving the service. At 
the May 11 meeting of the Execu- 
tive Committee of the Institute it 
was voted to call this Service 
Status” in the future, and to send 
the desired journal to the member 
free of charge if he specifically re 
quests it. An inquiry as to his 
wishes in this respect will be ad 
dressed to each member so regis 
tered, and he will be asked to re- 
affirm his wish annually, so long as 
he is in the Service Specific re- 
quests for transfer to Service 
Status” and approval by the Board 
will continue to be necessary. This 


special provision is intended for the 


benefit of young men serving their 
required term of military service 
and not for members who choose 
service in the military establish 


ment as a career 


IMD Nomination For 
Executive Committee 


Announcement is made of the 
nomination of J. H. Hollomon of 
General Electric Co., to serve on the 
Executive Committee of the Insti- 
tute of Metals Div. for a three year 
term, 1956 to 1959. Others who have 
accepted the nomination for Execu- 
tive Committee members, as have 
the officers as published in the July 
issue, are J. H. Jackson and E. S$ 


Rowland 


The AIME Adirondack Local Section was host to President H. DeWitt Smith on June 25. As 
speaker for the evening he discussed Institute affairs and then gove an interesting talk on the 
Tsumeb operations. Shown in the above photograph are officers and past presidents of the 
local section. Bottom row, left to right: Phil Biazovic, Jr, Carbola Chemical Co; Paul Allen 
Cyprus Mines Corp; and Malcolm Lowry, St. Joseph Lead Co. Second row, left to right: R. G 
Fleck, Jones & Loughlin Ore Co.; H. H. Vogel, Barton Mines Corp.; and John Holl, National 
Lead Co. Top row, left to right: Severn P. Brown, St. Joseph Lead Co.; Robert S$. McClellan, 
Gouverneur Talc Co.; President Smith; and Marshall G. Jones, St. Joseph Lead Co 


EJC to Sponsor 
Nuclear Congress 


All those interested in attending 
the Nuclear Engineering and Science 
Congress, sponsored by Engineers 
Joint Council, to be held at the 
Cleveland Auditoriun Cleveland 
Ohio, on December 12 to 16, may 
obtain information by writing to H 
Newell Appleton, AIME, 29 W. 39th 
St.. New York 18 


Two Honorary 
Members Elected 


The Board of Directors recently 
elected two men in the mining i 
dustry to Honorary Membership 
Louis Ss Cates ana Georg M 
Humphrey. The number of living 


Honorary Members limited to 20 
and these elections bring the roster 
up to 18 

Louis Shattuck Cates, chairman 
of the board of the Phelps Dodge 
Corp., was President of the AIME in 
1946, and has been a Member since 
1904. He was awarded the Institute's 
William Lawrence Saunders Medal 
in 1939 “for signal accomplishment 
in the conception and application of 
uperior mining technique and in 
the organization and administration 
of major mining and metallurgical 
enter} 
George Magoffin Humphrey, Sec 


becarne a 


rise 


retary of the Treasury 
Member of the AIME in 1922 and re- 
ceived its Charle F. Rand Medal in 
1947 “for constructive leadership in 
establishing great enterprises for the 


production of iron ore, of steel, and 


of coal; for ignal succe in the ad 
ministration of large organizations 
engaged in these industri« o vital 


to the economy of our country 


Sept. 15, 1955 is the deadline for the Institute of Metals Div. papers for the 1956 
New York Annual Meeting ond the deadline for all Iron & Stee! Div, and Extractive 
Metallurgy Div. papers to be preprinted. Papers received by this deadline but re 
quiring revision may not be processed in time to permit scheduling for this meeting 
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WW. Mein, Jr 
NEWS 
| 


Study Proposed for Headquarters Location 


“and the natior ther We understand that your present to make additional examinations as 

4 top eT ‘ . ' t ling at 33 W. 39th St.. New York required, and when the integrated 
‘ 


7 " Cit whict now me 50 years studies are available, that you make 
' yI ' € gr ly inadequate your selection on the basis we have 
. for il peratior und that you suggested 
ented the it wr 
. : have been planning for some time a 
ea 1 build ling adequate As you no doubt realize, many 
‘ aa al 
The new was embodied ‘ need Witt large industries employ outside 
farmed ‘ ee ‘ ‘ iepre counsel for studies to determine the 
‘ ‘ nd funds to be best location for new units of their 
na na if ri ‘ i ¢ ina . 
‘ ‘ re sle of business. There are several organi- 4 
zations that are competent to make 
lust to | i propert A 
ats such studic We suggest that you 
et ‘ select from among them one for the 
na : tin ‘ties af least three have indi- task. S of us who are signing 
ihe proposa eferred ted that rganizatior vill this letter will provide the funds to 
re tte Va rye rt ld cover it cost 
Board met r contribu- While we are not now in a position 
: t ve understand, have ranged to guarantee the amount of the sub- 
: I ipproxima $500.000 to $1.5 criptions for your building fund. we 
Ju are confident that the amount re- 
e this evidence of vic pride quired beyond your resources can 
AIMF AS eu eleve the mat- be raised through a can paign « f the 
LIFE LIChE te ntribut f sec- cope we have indicated. We assure 
, See mportance in your choice of you that a well organized, diligent 
eT Ww * rather that ¢ 
, : We suggt rathet at tne ind competent effort will be made 
: ts of the societies and continued until the required 
, , . ns and tne suin is available, which we under- 
‘ ooo e paramount, and that max- stand is approximately $2.5 million 
j ffectivense yur opera- 
for sins ‘ mportance Respectfully submitted 
lling rtan 
SIG T ES Be cr 
<4 
M é intry Te ay Prog 
‘ ‘ efit t he Detile 
wt 
j gar Scie D } 
W te I rene Ele New 
funds i gy. elpt Jess H 
‘ tne road- Ste st Tect 
NJ. Lee A. DuBridge 
If ich a te r 
f the ur te Ke ent 
el Tect 
ir Ne & Del. W 
4 pee & Tele h Yew as 
4 T N F k I H € 
Pre I I ette, Ind 
K rT. K { the B 
t tudi ‘ Ye Le J. Ke 
Pr ‘ 
McC affre Pre le I 
‘ \ iF 
t petent s B dire rs 
‘ ty nt er 
t Or DW k 
W f «B s 
J Wrigt 
HIGH PURI] Y AN] IM ONY Following exhaustive discussion 
of the whole problem of the loca- 
tion fe the engineering societies 


For semiconductor research or other applications requiring the 
highest purity antimony Bo. ; 


del | rY ve a>» ws 
That our Board expresses 
99.99 + % Sb appreciation to Dr. Kelly and 
will take advantage of the 
Further information, price quotations and samples will be fur ffer as indicated in his letter 
nished upon request f June 8; and this body holds 
n abeyance any action on the 


BRADLEY MINING co. F irther prim on this proposal 


ind r the wr e new lilding 

1022 Crocker Bidg., San Francisco 4, Calif 
Dit w depe is On agreemen 
by the nce ned 
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A. R. ROWEN 


Allen R. Rowen, former sales man- 
ager of Sintering Machinery Corp., 
lightweight aggregate div., has been 
appointed sales engineer and head of 
the lightweight aggregate section of 
the McDowell Co., Inc., new Dwight- 
Lloyd div. McDowell recently ac- 
quired all assets and the Dwight- 
Lloyd research facilities of the Sin- 
tering Machinery Corp. Mr. Rowen 
will be located at Cleveland, Ohio 


Donald L. LaVelle, American Smelt- 
ing & Refining Co., South Plainfield 
N. J., has been named assistant man 
ager, aluminum dept., Federated 
Metals div., at Barber, N. J 


David L. Doty has been appointed 
assistant to the director, technical 
services, Jones & Laughlin Steel 
Corp. Pittsburgh, Pa 


Elwood H. Rogge, assistant produc 
tion manager of Leeds & Northrup 
Co., has been appointed local man 
ager of the firm’s new plant at North 
Wales Pa 


P. H. Reynolds, formerly assistant 
resident engineer, Jones & Laugt 

lin Steel Cory ittsburgh Works, 
has been appointed staff engineer, 


rolling mills for the corporation 


Neil R. Kile has been appointed 
plant manager of the Clinton, Mass 
plant and Ralph W. Ramer has been 


named sales and product manager of 
the mechanical specialties dept., 


Colorado Fuel & Iron Corp 


Richard J. Greene is in charge of the 
southeast state technical field sec- 
tion, development and research div., 
International Nickel Co Atlanta 
Ga Mr (;reer oined Inco in 1945 as 
a metallurgist at Bayonne, N. J 


Thomas Rutherford, Midvale Co 
Philadelphia, Pa., was elected presi 
dent of the Alloy Casting Institute 
Bradley B. Evans, Empire Stee! 
Castings, Inc Reading, Pa was 
elected vice president 


C. R. SUTTON 


C. Roger Sutton, senior metallurgist, 
Argonne National Laboratory, has 
joined the development and research 
div., International Nickel Co., Inc., 
as a member of the stainless steel 
and heat resistant alloys section 


Lewis B. Lindemuthe, Jr., has ac 
cepted the position of process control 
engineer with Keystone Steel & 
Wire Co., Peoria, Il. He had been 
assistant to open hearth superinten 
dent, Wisconsin Steel Works, Chi- 


Cakyv, 


A. J. Griest, Jr., has joined the staff 
of the Battelle Memorial Institute 
Columbus, Ohio. He had been in the 
dept. of metallurgy at Lehigh Uni 
versity, Bethlehem, Pa 


J. F. Collins, Electro Metallurgical 
Co., has been transferred from Niag 


ara Falls, N. Y., to Pittsburgh, Pa 


Fred J. Kirkman has been named 


executive vice president Burgess 
Battery Co Freeport Ill. He Was 
formerly vice president and general 


manager and has been with the com 


pany since 1934 


F. J. KIRKMAN 


N. K. KOEBEL 
Norbert K. Koebel was appointed 


marager of the heat treating furnace 
div., Lindberg Engineering Co. Mr: 
Koebel joined Lindberg in 1940. He 
recently returned from a lecture 
tour of European trade and techni 
cal societies. While in Europe, Mr 
Koebel acted as technical advisor to 
Lindberg associate companies in 
England France, Germany, and 
Italy 


Theedore J. Strater, Republic Steel 
Corp., has been transferred from 
Chicago, IllL., to Buffalo, N. Y 


Allan E. Martin has joined the staff 
of the Vanadium Corp. of America, 
Cambridge, Ohio 

A. G. Adler, Freeport Sulphur Co., 
has been transferred from Freeport 
Texas to Braithwaite, La 


Frederick C. Langenberg recently 


received his Ph.D. from Pennsy! 
vania State University and i now 
associated with the Crucible Steel 
Co. of America. He had been en 


ployed by U. 5S. Steel Corp., research 
and development laboratory 


Henry 8S. Newhall is in the engineer 
ing div., Electro Metallurgical Corp 


Niagara Fall N. ¥ He had been 
with the electrothermic div Pitt 

burg! Lectromeit Furnace Corp 
Pittsburgh, Pa 


R. J. Young, assistant iperinten 


dent of f{ irie Dominion Engi 
neering Work Litd., Montreal ha 
retired after 42 ears of continuous 


foundry work. Mr Young joined 
Dominior n 1948 


Marvin A. Hustad, former field edi 
tor for Mining World, ha nuned 
Pickand Mather & Co., Coleraine, 
Minn., as 4 mining engineer 


Paul B. Garner is technical advisor 
of melted metals for Hojalata y 
Lamina, S.A Monterrey, Mexico 
He had been melting superintendent 
at Griffin Foundries, Chicago, Il] 
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Disonals 
—— 
‘ 
" 


W. H. Zinn has been elected the first 
lent the Arne ar 


Hamnet P. Munger, technical re 


‘DE fr hermical 

| engineering 
ept ersit Syracuse 


George E. Alter, Jr., has been ap 
pointe f Jones & Laugl 
lit Gia mestone div 
He succes r. J. MeCarthy, who has 
etired aft« ) year f service wit! 
Jacl 


Thomas S. Noggle ha beer ap 


tre tre (Jan rt ige 
N na Laborator Oak Ridge 
William W. Sieg, pr« ent of Titar 
Met vii ‘ P va 
} ite 
Ellis J. O'Brien been appointed 
Andrew D. Wallace : tant 
Donald W. MeGlashan, ‘ h pre 
Mine 
if 
Donald F. Stoneburner een af 
Oak Ridges 
Necrology 
trate ef Date of 
Death 


for Membership 
— Metals Branch AIME— 


‘ 
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The Ins te desires t extend its privt 


am 

4 eas ers per 
fied Ines ute ers 

he Se . 

people 1 found 

fied for AIME 


5 change of 
R J, Jun 
A 4 S. Stu- 
As 
Indiana 
H t—Gasche, C? es J. 
Kentucky 
J 
Michigan 
R T T M 
Mentana 
G . H G. 
New Jereey 
vi Jot How F M R.M 
New York 
) ers (M 
Tow Wilbur ‘A 
Frede ks, W M s 
4 
‘ ) George A.. Jr. (M cs 
Pennsylvania 
4 J j cs A.-M 
N Jor Louis J M 
\ fim 
Virginia 
F E J 
England 
Gree Frank A. ‘J 
Mexice 
r J. Cc /S—A-M 
Sweden 
Bengt G ner, O “Mw 
— Coming Events on 
Aug. Denver Research Institute, Indu 
erent Denver 
Aug Stanferd Research Inetitete, 5 
Ele Aute at 


Sept “.14 Metal Shew Chicag 


Sept. Western Area Development Con 
ference Mu h Hote tland 
Sept. 14-16, Pereetain Ename! Inetitete 
thee Desnhier-H 

? S tu te 
Sept. 


American Inetitete of Chemical 
b. I acid 


Engineers ke 


Sept. 16-30. Atemic Industrial Foerem, trade 


H 

Oct. Electrochemical Sectety Ww 

Oct. 17-19. AIME. IMD. fall meeting, Ace 
Hote eint 


Oct Nations! Metal Expesition and 


Congress, Pt 


Oct ‘ Steel FPeaunders Seciety of Amer 
lea et g. Greenbrie White Sulphur 
Oct 1-10, Seetete Francaise de Metallergic 
et neeting Paris 


Oct. 17-78, National Conference on Industrial 
Hydraulics eeting. La Salle Hote 


Oak Ridge Inestitete of Neciear 
ere lek Ridge 


Nationa! Lubricating 
Institate " eeting. Edgewater 


New 


Werld Sympesiam on Applied Selar 
Weet H 


New. 6, AIME. Pitt Sect 
eeting. Pittst gt 
Nev Indestrial Management Seciety 
t tud agement 
Sine Hote « 
Nev Dee Alr Conditioning and Kefrig 
eration Imetitute exposit Auditoriurr 
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Research dollars working for you... 
a continuing aid to industry 
from ELECTROMET 


METALS RESEARCH LABORATORIES 
ELECTRO METALLURGICAL COMPANY 


| NIAGARA FALLS =" 


fdas 
PAY TO THE 
ORDER OF hee 


af 


ELECTROMET's research laboratories spend 


millions of dollars to develop new and improved alloys for 


better steels—and you receive the benefits. x 


More thar iM) sk lled rese are h ~ ientists, engineers and asa bonus for vou, to provide high quality ferro alloys and 


lec! ims work i hiee TROMET s Metals Research Labora valuable technical service a 
t < the solution of metallurgical problems. They de You can profit from this continuing research program _ 
ew and improved ferro-allovs and metals, better wavs For help on your problems in the use of ferro-alloys or the ie’ 

ther ind new and improved alloy steels and irons metallurgy of alloy steels or irons, please contact the nearest a 
ELECTROMET conducts this continuing research program ELectromet office listed below a 

The term “Electromet™ is a registered trade-mark of Union Carbide and Carbon Corporation, a 


ELECTRO METALLURGICAL COMPANY 


Je rporation 


East 42nd Street New York 17. N.Y 


eveliand e etroit 


\ 
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puts 
H . } te he Francisco Ad 


PRODUCTS that are 


improving the efficiency and speeding 


production in American industry 


graphitic, pure graphite 

and metalgraphite grades 

(at aa for al! types of rotating 
electrical equipment. 


\/ 
USG" Brushes ore avail- 
able in production or re- 
plocement lots in carbon, 
corbon - graphite, electro- 


GRAPHITAR® (carbon-graphite) is o 
versatile engineering material of 


corbon-graphite composition offered 
in meny grodes for bearings, seals, 
piston rings, pump venes, thrust 
washers, valve seats, pistons, bush- 
ings 


Metallurgical graphite 
grodes for carbon control 
in iron end steel melting, 
mold coatings, het top- 
ping compounds Cordip . 
Mexoloy fer retfroctory 
mixtures and other MEX- 
ICAN products 


GRAMIX": Sintered-metol bearings, geors, 
coms, slides, rollers, bushings and machine 
ports evailable in ferrous and non-ferrous 
olieys. The mete! with the built-in ivbri- 
cation 

OUR 101ST YEAR 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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